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2010 2011 2012 2013
Number of primary THA’s 22932 23510 24889 25642
Number of revision THA’s 2940 3192 3708 3454
Revision burden 11.4% 11.8% 13.0% 11.9%
GeneRAl InTRoDUCTIon
Because it is one of the most successful procedures in the modern medical world, 
total hip arthroplasty (THA) is even called “the operation of the century”.1 It 
is one of the most cost-effective medical interventions, providing predictable 
improvements in pain and quality of life.2-4
The first total hip arthroplasties were implanted in elderly patients with severe 
osteoarthritis, but as a result of the success of total hip arthroplasties and the 
increasing possibilities in hip surgery the indications for total hip arthroplasties 
have largely expanded these days. Unfortunately, the survival of hip prostheses is 
not unlimited. The main reason for loosening of hip implants is aseptic loosening. 
Wear particles from materials used in hip arthroplasty can induce a granulomatous 
inflammation process, which will lead to resorption of bone surrounding the 
prosthesis and in the end cause loosening of the implant.5 Other factors that 
may induce prosthetic loosening include infection, fractures or implant-related 
problems (e.g. stress shielding).
Growing revision burden
When loosening of hip implants occurs, in most cases revision surgery becomes 
inevitable. Therefore, a growing number of hip revisions can be expected in the 
near future. A study by Kurtz et al6 in 2007 estimated that in the period 2005 - 
2030, the demand for primary total hip arthroplasties in the United States will 
grow by 174% to 572,000. In addition, they stated that the demand for hip revision 
procedures is projected to double by the year 2026.
In the Netherlands, the number of implanted THA’s has risen tremendously 
over the past decades as well. In 1980 a number of 6,750 THA’s were 
implanted, which has increased to 16,000 in 1994 and to over 25,000 in 2013. 
As a result of this rise, the number of revisions has increased also. The 
numbers of the recent years in the Netherland are presented in table I.
Table I
Number of  primary and revision THA’s placed in the Netherland in the period 2010-2013. Source LROI: 
LROI-rapportage 2012; 2013. Nederlandse Orthopaedische Vereniging, ‘s-Hertogenbosch. 
THA’s = total hip arthroplasties; the revision burden is the number of revision total hip arthroplasties 
divided by the total number of hip arthroplasties (primary and revision).
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Challenges in revision hip arthroplasty
Revision hip surgery is more complicated than primary THA implantation. Patients 
undergoing revision THA tend to be older and medically less fit.7 Bozic et al8 
compared various demographic, clinical and surgical characteristics between 248 
primary and 243 revision total hip arthroplasties. The mean operative time was 41% 
longer for the revisions compared to the primary procedures, the mean estimated 
blood loss was 160% higher, the mean complication rate was 32% higher, and 
the mean length of the hospital stay was 16% longer. In addition to these factors, 
bone stock deficiencies were far more common in the revision THA’s than in 
primary THA’s. Almost three-quarters of the revisions in the study of Bozic et al8 
were performed on patients with acetabular bone deficiencies, wheareas slighty 
less than a quarter of the patients treated with a primary procedure had acetabular 
bone loss (p < 0.0001). More than half of the patients treated with a revision had 
femoral bone loss, compared with only 3% of the patients treated with a primary 
procedure (p < 0.0001).
economic aspect of hip revisions 
All the above mentioned complexities in revision surgery combined with the fact 
that frequently more expensive and complex implants are necessary, result in 
considerably higher hospital costs for revision procedures compared to primary 
total hip replacements. Bozic et al8 found that the mean total hospital costs were 
significantly higher for the revision procedures compared with the primary 
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher 
costs, revision total hip arthroplasty has shown by health economic standards to be 
an excellent cost-effective procedure, reducing pain and improving function and 
most importantly quality of life for patients with loose or otherwise malfunctioning 
hip prostheses.9 
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and 
quality of life it is essential that surgical goals are fulfilled in the first place. In hip 
revision surgery, these goals are to (1) restore and maintain long lasting mechanical 
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and 
ideally (4) promote new bone formation.10 Hereby, as mentioned before the major 
problem is the loss of bone stock on both the femoral and acetabular side due to 
the loosening process and the procedures to remove failed implants. For both 
sides numerous different revision techniques have been described. 
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first generation
(<1980)
Second generation 
(1980 to 1990)
Third generation
(>1990)
Hand-mix cement Hand-mix cement Vacuum mixing of cement
Venting of femoral canal Distal cement restrictor Distal cement restrictor
Minimal canal preparation Brushing and pulsatile irrigation 
of canal
Brushing and pulsatile irrigation of 
canal
Irrigate and suction canal Irrigate, pack, and dry canal Irrigate with pulsatile lavage, pack 
with adrenaline-soaked sponges, 
and dry canal
Manual cement insertion with fingers Retrograde injection with 
cement gun
Retrograde injection with cement 
gun and pressurization
Manual positioning into neutral 
stem position
Manual positioning or early distal 
centralization methods
Distal and proximal centralizers for 
an even cement mantle and neutral 
position
Types of fixation
In general, two types of prosthetic fixation are being used in total hip arthroplasty. 
The first is the use of cemented implants. This technique was developed in the 
late 60’s and early 70’s by Sir John Charnley,11 who nowadays is considered 
to be the founder of the modern total hip arthroplasty.  Two-component acrylic 
bone cement is used not to glue the implant to the bone, but rather to fill the 
irregular gaps between the bone and implant, because a perfect anatomical fit of 
the prosthesis to the surface of the bone is simply not feasible. However, early 
studies reporting the results of cemented revision total hip arthroplasties were not 
encouraging with high rates of clinical and radiological implant failure.12-14 Since 
then improvements in the cementation technique have been developed and 
therefore, throughout the time, different generations in cementation can be 
distinguished, which are summarized in table II.15,16 
As an alternative for the cemented total hip arthroplasties, uncemented 
components were developed by for example Ring et al.17 In uncemented implants, 
the fixation is based on the principle of the ingrowth of host bone into the surface 
of the implant. Also for this philosophy, multiple improvements in technique 
have been made throughout the years. Increasingly diverse designs have been 
introduced with new ingrowth surfaces and materials.
femoral bone defects
The type of revision technique used for femoral reconstructions depends on the 
extent of the bone defects found at surgery. To classify these femoral bone defects, 
the classification of the Endoklinik is used most frequently (Table III).18 In femora 
Table II
Harris’s definition of first, second, and third-generation cementing techniques according to Wixson and 
lautenschlager.15,16
11
General introduction
1
with minimal bone stock loss, bone grafting is usually not required. These 
revisions can be performed with a primary cemented or cementless stem. For these 
cementless stems several fixation mechanism have been designed: stems that are 
proximally coated,19 extensively porous10 or hydroxyapatite coated20 can be used. 
In cases with more cancellous bone stock loss, bone impaction grafting21,22 can 
be used to replenish this intramedullary bone stock loss or a cementless modular 
stem23 can be inserted.
Acetabular bone defects
Similar to femoral reconstructions, acetabular reconstruction also depends on 
the type of bone defect present. The classification of the American Academy of 
Orthopaedic Surgeons (AAOS)24 is used most frequently on this side (Table III). 
Conventional cemented25 or cementless cups26 can be used in cavitary defects 
without extensive bone stock loss. In case of larger cavitary or segmental defects 
jumbo cups27 or modified cup shapes28,29 are possible treatment options. Also 
custom made implants can be promising, although only short term results have 
been reported until now.30 However, when using these techniques, the bone stock 
loss is not replenished. Bone impaction grafting31-35 (sometimes combined with 
reinforcement rings or cages36) and the use of bulk allografts37 are acetabular 
reconstruction techniques that can replenish these bone stock deficiencies in severe 
segmental or combined defects. Another, relatively new, treatment option for 
more extensive defects are trabecular metal augments. Promising mid-term results 
Endoklinik classification (femoral side)
Grade Definition
I Radiolucent lines limited to the proximal half of the cement mantle; clinical signs of loosening
II Complete radiolucent lines around the cement mantle with endosteal erosion around the proximal part of 
the cement, leading to widening of the medullary cavity
III Widening of the medullary cavity around the loose implant due to endosteal erosion and expansion of 
the femur
IV Gross destruction of the proximal third of the femur with involvement of the middle third, precluding 
insertion of even a long-stemmed prosthesis
AAOS classification (acetabular side)
I Segmental deficiencies 
II Cavitary deficiencies 
III Combined segmental and cavitary deficiencies
IV Pelvic discontinuity
V Arthrodesis
Table III
Preoperative bone stock defects, classified with use of the system of the Endoklinik18 on the femoral side 
and with use of the system of the AAoS24 on the acetabular side. 
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
9
General introduction
1
Challenges in revision hip arthroplasty
Revision hip surgery is more complicated than primary THA implantation. Patients 
undergoing revision THA tend to be older and medically less fit.7 Bozic et al8 
compared various demographic, clinical and surgical characteristics between 248 
primary and 243 revision total hip arthroplasties. The mean operative time was 41% 
longer for the revisions compared to the primary procedures, the mean estimated 
blood loss was 160% higher, the mean complication rate was 32% higher, and 
the mean length of the hospital stay was 16% longer. In addition to these factors, 
bone stock deficiencies were far more common in the revision THA’s than in 
primary THA’s. Almost three-quarters of the revisions in the study of Bozic et al8 
were performed on patients with acetabular bone deficiencies, wheareas slighty 
less than a quarter of the patients treated with a primary procedure had acetabular 
bone loss (p < 0.0001). More than half of the patients treated with a revision had 
femoral bone loss, compared with only 3% of the patients treated with a primary 
procedure (p < 0.0001).
economic aspect of hip revisions 
All the above mentioned complexities in revision surgery combined with the fact 
that frequently more expensive and complex implants are necessary, result in 
considerably higher hospital costs for revision procedures compared to primary 
total hip replacements. Bozic et al8 found that the mean total hospital costs were 
significantly higher for the revision procedures compared with the primary 
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher 
costs, revision total hip arthroplasty has shown by health economic standards to be 
an excellent cost-effective procedure, reducing pain and improving function and 
most importantly quality of life for patients with loose or otherwise malfunctioning 
hip prostheses.9 
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and 
quality of life it is essential that surgical goals are fulfilled in the first place. In hip 
revision surgery, these goals are to (1) restore and maintain long lasting mechanical 
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and 
ideally (4) promote new bone formation.10 Hereby, as mentioned before the major 
problem is the loss of bone stock on both the femoral and acetabular side due to 
the loosening process and the procedures to remove failed implants. For both 
sides numerous different revision techniques have been described. 
10
Chapter 1
first generation
(<1980)
Second generation 
(1980 to 1990)
Third generation
(>1990)
Hand-mix cement Hand-mix cement Vacuum mixing of cement
Venting of femoral canal Distal cement restrictor Distal cement restrictor
Minimal canal preparation Brushing and pulsatile irrigation 
of canal
Brushing and pulsatile irrigation of 
canal
Irrigate and suction canal Irrigate, pack, and dry canal Irrigate with pulsatile lavage, pack 
with adrenaline-soaked sponges, 
and dry canal
Manual cement insertion with fingers Retrograde injection with 
cement gun
Retrograde injection with cement 
gun and pressurization
Manual positioning into neutral 
stem position
Manual positioning or early distal 
centralization methods
Distal and proximal centralizers for 
an even cement mantle and neutral 
position
Types of fixation
In general, two types of prosthetic fixation are being used in total hip arthroplasty. 
The first is the use of cemented implants. This technique was developed in the 
late 60’s and early 70’s by Sir John Charnley,11 who nowadays is considered 
to be the founder of the modern total hip arthroplasty.  Two-component acrylic 
bone cement is used not to glue the implant to the bone, but rather to fill the 
irregular gaps between the bone and implant, because a perfect anatomical fit of 
the prosthesis to the surface of the bone is simply not feasible. However, early 
studies reporting the results of cemented revision total hip arthroplasties were not 
encouraging with high rates of clinical and radiological implant failure.12-14 Since 
then improvements in the cementation technique have been developed and 
therefore, throughout the time, different generations in cementation can be 
distinguished, which are summarized in table II.15,16 
As an alternative for the cemented total hip arthroplasties, uncemented 
components were developed by for example Ring et al.17 In uncemented implants, 
the fixation is based on the principle of the ingrowth of host bone into the surface 
of the implant. Also for this philosophy, multiple improvements in technique 
have been made throughout the years. Increasingly diverse designs have been 
introduced with new ingrowth surfaces and materials.
femoral bone defects
The type of revision technique used for femoral reconstructions depends on the 
extent of the bone defects found at surgery. To classify these femoral bone defects, 
the classification of the Endoklinik is used most frequently (Table III).18 In femora 
Table II
Harris’s definition of first, second, and third-generation cementing techniques according to Wixson and 
lautenschlager.15,16
11
General introduction
1
wit  minimal bon  stock loss, bone grafting is usually not required. These 
revisions can be performed with a r mary cemented or cementless stem. For these 
cementless stems several fixation mechanism have been designed: stems that are 
pr ximally coated,19 xtensively porous10 or hyd oxyapatite oated20 can be used. 
In cases with mo  cancellous bone st ck loss, bone impaction grafting21,22 can 
be used t  replenish thi  intramedullary bone stock l ss or a cem ntl ss modular 
stem23 can be in erted.
Acetabular bone defects
Similar to femoral reconst uctions, acetabular rec truction also depends on 
the type o  bone defect present. The cl ssification of the Am rican Academy of 
Orthopaedic Su g ons (AAOS)24 is used most frequently on this side (T ble III). 
Conventional cemented25 or cementless cups26 can be used in cavitary defects 
without exte sive bone stock loss. In case of larger c vitary or s gmental defects 
jumbo cups27 or modified cup shapes28,29 are possible treatment options. Also 
custom made implants can be promising, although only short term results have 
b en reported until now.30 How er, when using these techniques, the bone stock 
loss is not replenished. Bone impaction g afting31-35 (sometimes comb ned with 
reinforc me t rings or cages36) and the use of bulk allog afts37 are acetabular 
reconstruction technique  that can replenish these bone stock deficiencies in severe 
segmental or combi ed defe ts. Another, relativ ly new, reatment option fo  
more exte sive defects are trabecular metal augments. Promising mid-term results 
Endoklinik classification (femoral side)
Grade Definition
I Radiolucent lines limited to the proximal half of the cement mantle; clinical signs f loosening
II Complete radiolucent lines around the cement mantle with endosteal erosion around the proximal part of 
the cement, leading to widening of the medullary cavity
III Widening of the medullary cavity around the loose implant due to endosteal erosion and expansion of 
the femur
IV Gross destruction of the proximal third of the femur with involvement of the middle third, precluding 
insertion of even a long-stemmed prosthesis
AAOS classification (acetabular side)
I Segmental deficiencies 
II Cavitary deficiencies 
III Combined segmental and cavitary deficiencies
IV Pelvic discontinuity
V Arthrodesis
Table III
Preoperative bone stock defects, classified with use of the system of the Endoklinik18 on the femoral side 
and with use of the system of the AAoS24 on the acetabular side. 
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
12
Chapter 1
have been published for these augments used in combination with uncemented 
trabecular metal shells38 and with cemented polyethyelene cups in combination 
with bone impaction grafting.39-41 
history of bone impaction grafting
The use of morselized bone grafts was first published in the seventies by Hastings 
and Parker.42 They reconstructed cavitary defects of the acetabulum in patients 
with rheumatoid arthritis using morselized bone grafts and a cemented vitallium 
cup. Subsequently, McCollum et al43 adapted this technique using wafers of bone. 
From the eighties, animal experiments were being performed on both the acetabular 
side and the femoral side by Slooff et al. at the Radboudumc in Nijmegen to 
provide additional scientific support for this reconstruction method.44-47 A study 
in goats was designed to histologically evaluate the processes involved in graft 
incorporation. The surgical technique was comparable to that used in the 
human procedures. This experiment demonstrated that rapid union of the graft 
with host bone occurred using this method. From 24 weeks onward, very little of 
the original graft bone remained, and a new immature trabecular bony 
structure was formed. In the course of time, no signs of resorption or collapse of 
the reconstruction were seen. The results of this study encouraged more extensive 
clinical use of this biologic reconstruction method. It has been introduced in 
clinical practice on the acetabular side since 1979 and on the femoral side since 
1987 with satisfying clinical results.21,32-34 With the incorporation of these bone 
grafts a unique and strong construction of the prosthesis, cement, impacted grafts, 
and host bone is created.
Operative technique of bone impaction grafting
During acetabular revision surgery,35 after removal of the old component and the 
cement (Fig. 1-A), segmental defects of the acetabular rim and/or medial wall 
are reconstructed with metal wire meshes, which are trimmed and adapted with 
scissors. These meshes are fixated with at least three screws (Fig. 1-B). When full 
containment with the wire meshes is achieved, a cavitary defect remains. Remaining 
sclerotic areas of the host bone are perforated with multiple small drill holes to 
enhance better vascularization of the graft. The host acetabulum is cleaned using 
pulse lavage and trabecular bone chips of 7-10 mm are placed in the defect and 
impacted tightly using specially designed impactors. The use of smaller chips on the 
acetabular side will produce inferior stability.48 The bone chips are made of allograft 
femoral heads. These femoral heads are morselized with a special bone mill or 
by hand using a large rongeur, after removal of the cartilage of the heads using a 
specially designed reamer set. Step by step, the impactors increase in size. The size 
13
General introduction
1
of the last used impactor corresponds to the size of the polyethylene cup with its 
cement layer. Multiple layers of graft are impacted until the defect is completely 
solidly filled. A minimum layer of 5 mm of impacted bone grafts is created. It is 
always the intention to reconstruct the normal anatomical position of the centre of 
rotation using the transverse ligament as reference. Vacuum-mixed cement loaded 
with antibiotics is injected directly from a cement gun on top of the graft and the 
cement is pressurized by a special pressurizer. After 4-5 minutes of pressurizing, a 
fully polyethylene cup is inserted in the cement layer and held in position until the 
cement is completely polymerized in about 9-11 minutes (Fig. 1-C). 
On the femoral side,49 reconstruction with impacted bone grafts is performed 
in a similar way using a specially designed set of instruments (X-change® 
femoral revision system, Stryker Howmedica, Newbury, United Kingdom). After 
cleaning and reaming the femoral shaft (Fig. 2-A), if needed, segmental defects 
are reconstructed with metal wire meshes. Reconstruction of the calcar region 
is often necessary (Fig. 2-B). A femoral plug with a guide wire attached is then 
inserted in the femoral shaft at least 4-5 cm below the most distal defect. Over 
figure 1
Acetabulum with a peripheral and central cavitary (bone volume loss) and segmental (through the acetabular 
wall) bone defects after removal of the old acetabular component (Fig. 1-A); during the reconstruction the 
defects are closed by a metal mesh, which is fixated with screws, after which a defect in the wall of the 
acetabulum remains (Fig. 1-B); this cavitary defect is filled with morselized bone graft that gets impacted to 
a stable layer; after this a polyethylene acetabular component is cemented (Fig. 1-C).35
Fig. 1-A Fig. 1-B Fig. 1-C
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that frequently more expensive and complex implants are necessary, result in 
considerably higher hospital costs for revision procedures compared to primary 
total hip replacements. Bozic et al8 found that the mean total hospital costs were 
significantly higher for the revision procedures compared with the primary 
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher 
costs, revision total hip arthroplasty has shown by health economic standards to be 
an excellent cost-effective procedure, reducing pain and improving function and 
most importantly quality of life for patients with loose or otherwise malfunctioning 
hip prostheses.9 
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and 
quality of life it is essential that surgical goals are fulfilled in the first place. In hip 
revision surgery, these goals are to (1) restore and maintain long lasting mechanical 
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and 
ideally (4) promote new bone formation.10 Hereby, as mentioned before the major 
problem is the loss of bone stock on both the femoral and acetabular side due to 
the loosening process and the procedures to remove failed implants. For both 
sides numerous different revision techniques have been described. 
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have been published for these augments used in combination with uncemented 
trabecular metal shells38 and with cemented polyethyelene cups in combination 
with bone impaction grafting.39-41 
history of bone impaction grafting
The use of morselized bone grafts was first published in the seventies by Hastings 
and Parker.42 They reconstructed cavitary defects of the acetabulum in patients 
with rheumatoid arthritis using morselized bone grafts and a cemented vitallium 
cup. Subsequently, McCollum et al43 adapted this technique using wafers of bone. 
From the eighties, animal experiments were being performed on both the acetabular 
side and the femoral side by Slooff et al. at the Radboudumc in Nijmegen to 
provide additional scientific support for this reconstruction method.44-47 A study 
in goats was designed to histologically evaluate the processes involved in graft 
incorporation. The surgical technique was comparable to that used in the 
human procedures. This experiment demonstrated that rapid union of the graft 
with host bone occurred using this method. From 24 weeks onward, very little of 
the original graft bone remained, and a new immature trabecular bony 
structure was formed. In the course of time, no signs of resorption or collapse of 
the reconstruction were seen. The results of this study encouraged more extensive 
clinical use of this biologic reconstruction method. It has been introduced in 
clinical practice on the acetabular side since 1979 and on the femoral side since 
1987 with satisfying clinical results.21,32-34 With the incorporation of these bone 
grafts a unique and strong construction of the prosthesis, cement, impacted grafts, 
and host bone is created.
Operative technique of bone impaction grafting
During acetabular revision surgery,35 after removal of the old component and the 
cement (Fig. 1-A), segmental defects of the acetabular rim and/or medial wall 
are reconstructed with metal wire meshes, which are trimmed and adapted with 
scissors. These meshes are fixated with at least three screws (Fig. 1-B). When full 
containment with the wire meshes is achieved, a cavitary defect remains. Remaining 
sclerotic areas of the host bone are perforated with multiple small drill holes to 
enhance better vascularization of the graft. The host acetabulum is cleaned using 
pulse lavage and trabecular bone chips of 7-10 mm are placed in the defect and 
impacted tightly using specially designed impactors. The use of smaller chips on the 
acetabular side will produce inferior stability.48 The bone chips are made of allograft 
femoral heads. These femoral heads are morselized with a special bone mill or 
by hand using a large rongeur, after removal of the cartilage of the heads using a 
specially designed reamer set. Step by step, the impactors increase in size. The size 
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of the ast used impactor corresponds t  the size of the polyethylene cup with its 
cement layer. Multiple laye s of graft are impacted until the defect is c mplet ly 
soli ly filled. A minimum lay r of 5 mm of impacted bone graft  is created. It is 
always the intention to reconstruct the normal anatomical posi ion of th  centre of 
rotation using the tran verse ligamen  as reference. Vacuum-mixed cement loaded 
with antibio ics is injected directly fr m a ce ent gun on top of the graft and th  
cement is pressurized by a sp cial pressurizer. After 4-5 minutes of pressurizing, a 
fully polyethylene cup is in er ed in the cement ayer and hel  in position until he 
cement is ompletely polymerized in about 9-11 minutes (Fig. 1-C). 
On the femoral side,49 reconstruction with impacted bone grafts is performed 
in a similar way using a pecially designed set of instruments (X-change® 
femoral revision system, Stryker Howmedica, Newbury, Unit  Kingdom). After 
clea ing and reaming the femoral s ft (Fig. 2-A), if ne ded, segmental defects 
ar  reconstructed with metal wire meshes. Reconstruction of he calcar region 
is often necessary (Fig. 2-B). A femoral plug with a guide wire attached is then 
inserted in the femoral shaft at least 4-5 cm below the most distal defect. Over 
figure 1
Acetabulum with a peripheral and central cavitary (bone volume loss) and segmental (through the acetabular 
wall) bone defects after removal of the old acetabular component (Fig. 1-A); during the reconstruction the 
defects are closed by a metal mesh, which is fixated with screws, after which a defect in the wall of the 
acetabulum remains (Fig. 1-B); this cavitary defect is filled with morselized bone graft that gets impacted to 
a stable layer; after this a polyethylene acetabular component is cemented (Fig. 1-C).35
Fig. 1-A Fig. 1-B Fig. 1-C
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this guide wire, a phantom implant is used to impact the morselized bone grafts 
in the femoral shaft (Fig. 2-C). The bone grafts used in the distal femoral canal 
are 50% smaller than the ones used in the acetabular reconstruction (2-5 mm). 
For the proximal part of the femur, larger morselized grafts can be used and these 
are solidly impacted around the phantom with special small impactor creating 
rotational stability of the final implant. Cement is injected retrograde using a 
syringe with a narrow nozzle that allows reaching the distal grafted area without 
damaging the graft reconstruction. Finally the femoral implant can be inserted and 
cemented into the newly reconstructed femur (Fig. 2-D).
figure 2
femur with bone defects of the wall and the calcar region after removal of a total hip arthroplasty (fig. 
2-A); to close the defects a metal mesh is fixated around the femur (Fig. 2-B); after this the femoral cavity 
is filled with morselized bone graft, which is impacted against the wall of the femoral cavity (Fig. 2-C); 
after this a femoral component is cemented (Fig. 2-D).49
Fig. 2-A Fig. 2-B Fig. 2-C Fig. 2-D
15
1
outline of the thesis
oUTlIne of The TheSIS
The aim of this thesis is to evaluate the mid- to long-term results of several 
different treatment modalities in cemented femoral and acetabular revision total 
hip arthroplasties, with a special focus on the bone impaction grafting technique. 
The chapters will focus on the clinical and radiographic results of both cemented 
femoral and acetabular revisions and describe several technique modifications 
that can be used. Additionally, the results of cemented total hip arthroplasty 
revisions in the young patients and elderly will be discussed. In the department of 
Orthopaedic Surgery of the Radboudumc in Nijmegen only cemented implants 
are being used in all patients who need a revision total hip arthroplasty. 
Because the philosophy of the Nijmegen group is to reconstruct bone stock loss 
during revision surgery in a biological way, the cemented components are 
combined with femoral and/or acetabular impaction bone grafting if necessary. 
Bone impaction grafting is in our opinion the most optimal biological technique to 
successfully replenish this bone stock loss. This is especially of great importance 
in young patients, since they have a longer life expectancy with higher activity 
demands and therefore will probably even outlive their revision components.
The following research goals for this thesis were formulated:
1. Report the clinical and radiographic results of patients who underwent a
femoral or acetabular revision procedure with bone impaction grafting to
evaluate the long-term survival of this biological reconstruction technique.
(Chapter 2, 3 & 8)
2. Assess whether due to biologically restoring the bone stock, even successive
acetabular reconstructions using bone impaction grafting and a cemented cup
are possible. (Chapter 9)
3. Assess pre- and intraoperative risk factors for endpoint re-revision for any
reason after femoral impaction bone grafting revisions using Cox regression
analysis. (Chapter 4)
4. Report the incidence of postoperative periprosthetic fractures and the survival
of long cemented polished femoral components used in femoral revisions
with extensive bone deficiencies. (Chapter 5)
5. Report the clinical and radiographic results of ‘cement only’ femoral revisions
performed in revision cases with limited bone stock loss and femoral cement-
in-cement revisions performed in case of an intact femoral cement mantle.
(Chapter 6 & 7)
6. Report the clinical and radiographic results of cemented revisions of both the
femoral and acetabular component with use of bone impaction grafting in
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Challenges in revision hip arthroplasty
Revision hip surgery is more complicated than primary THA implantation. Patients 
undergoing revision THA tend to be older and medically less fit.7 Bozic et al8 
compared various demographic, clinical and surgical characteristics between 248 
primary and 243 revision total hip arthroplasties. The mean operative time was 41% 
longer for the revisions compared to the primary procedures, the mean estimated 
blood loss was 160% higher, the mean complication rate was 32% higher, and 
the mean length of the hospital stay was 16% longer. In addition to these factors, 
bone stock deficiencies were far more common in the revision THA’s than in 
primary THA’s. Almost three-quarters of the revisions in the study of Bozic et al8 
were performed on patients with acetabular bone deficiencies, wheareas slighty 
less than a quarter of the patients treated with a primary procedure had acetabular 
bone loss (p < 0.0001). More than half of the patients treated with a revision had 
femoral bone loss, compared with only 3% of the patients treated with a primary 
procedure (p < 0.0001).
economic aspect of hip revisions 
All the above mentioned complexities in revision surgery combined with the fact 
that frequently more expensive and complex implants are necessary, result in 
considerably higher hospital costs for revision procedures compared to primary 
total hip replacements. Bozic et al8 found that the mean total hospital costs were 
significantly higher for the revision procedures compared with the primary 
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher 
costs, revision total hip arthroplasty has shown by health economic standards to be 
an excellent cost-effective procedure, reducing pain and improving function and 
most importantly quality of life for patients with loose or otherwise malfunctioning 
hip prostheses.9 
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and 
quality of life it is essential that surgical goals are fulfilled in the first place. In hip 
revision surgery, these goals are to (1) restore and maintain long lasting mechanical 
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and 
ideally (4) promote new bone formation.10 Hereby, as mentioned before the major 
problem is the loss of bone stock on both the femoral and acetabular side due to 
the loosening process and the procedures to remove failed implants. For both 
sides numerous different revision techniques have been described. 
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this guide wire, a phantom implant is used to impact the morselized bone grafts 
in the femoral shaft (Fig. 2-C). The bone grafts used in the distal femoral canal 
are 50% smaller than the ones used in the acetabular reconstruction (2-5 mm). 
For the proximal part of the femur, larger morselized grafts can be used and these 
are solidly impacted around the phantom with special small impactor creating 
rotational stability of the final implant. Cement is injected retrograde using a 
syringe with a narrow nozzle that allows reaching the distal grafted area without 
damaging the graft reconstruction. Finally the femoral implant can be inserted and 
cemented into the newly reconstructed femur (Fig. 2-D).
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2-A); to close the defects a metal mesh is fixated around the femur (Fig. 2-B); after this the femoral cavity 
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rea on after femoral impaction bone grafting revisions using Cox regression
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in-cement revisions performed in cas  of an intact femoral cement mantle.
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patients younger than 55 years. (Chapter 10 )
7. Evaluate if it is a safe choice to perform hip revision surgery in patients of 80 
years and older by describing the peri- and postoperative complications and 
survival of revisions in these elderly patients. (Chapter 11)
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Challenges in revision hip arthroplasty
Revision hip surgery is more complicated than primary THA implantation. Patients 
undergoing revision THA tend to be older and medically less fit.7 Bozic et al8 
compared various demographic, clinical and surgical characteristics between 248 
primary and 243 revision total hip arthroplasties. The mean operative time was 41% 
longer for the revisions compared to the primary procedures, the mean estimated 
blood loss was 160% higher, the mean complication rate was 32% higher, and 
the mean length of the hospital stay was 16% longer. In addition to these factors, 
bone stock deficiencies were far more common in the revision THA’s than in 
primary THA’s. Almost three-quarters of the revisions in the study of Bozic et al8 
were performed on patients with acetabular bone deficiencies, wheareas slighty 
less than a quarter of the patients treated with a primary procedure had acetabular 
bone loss (p < 0.0001). More than half of the patients treated with a revision had 
femoral bone loss, compared with only 3% of the patients treated with a primary 
procedure (p < 0.0001).
economic aspect of hip revisions 
All the above mentioned complexities in revision surgery combined with the fact 
that frequently more expensive and complex implants are necessary, result in 
considerably higher hospital costs for revision procedures compared to primary 
total hip replacements. Bozic et al8 found that the mean total hospital costs were 
significantly higher for the revision procedures compared with the primary 
procedures ($31,341 versus $24,170; p<0.0001). However, despite these higher 
costs, revision total hip arthroplasty has shown by health economic standards to be 
an excellent cost-effective procedure, reducing pain and improving function and 
most importantly quality of life for patients with loose or otherwise malfunctioning 
hip prostheses.9 
Goals of revision surgery
To achieve the clinical goals of long-term pain relieve, improved function and 
quality of life it is essential that surgical goals are fulfilled in the first place. In hip 
revision surgery, these goals are to (1) restore and maintain long lasting mechanical 
stability, (2) restore normal hip biomechanics, (3) prevent further bone loss and 
ideally (4) promote new bone formation.10 Hereby, as mentioned before the major 
problem is the loss of bone stock on both the femoral and acetabular side due to 
the loosening process and the procedures to remove failed implants. For both 
sides numerous different revision techniques have been described. 
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ABSTRACT 
We previously reported our results for thirty-three consecutive femoral component 
revisions with impaction bone-grafting, performed with the X-change femoral 
revision system and a cemented polished Exeter stem, at a minimum of eight years 
of follow-up. The present updated study shows the results after fifteen to twenty 
years. One stem was revised again for mechanical reasons during a rerevision of 
an acetabular cup. The probability of survival at seventeen years was 96% (95% 
confidence interval [CI], 72% to 99%) with a femoral rerevision for any reason 
as the end point and 100% (95% one-sided CI, 69% to 100%) with rerevision for 
aseptic loosening as the end point. The average subsidence was 3 mm and stable 
relative to our previous report. Although three early femoral fractures occurred 
after this surgery, in this update no additional fractures were seen. In conclusion, 
the probability of survival of femoral component revisions with impaction bone-
grafting and a cemented polished stem was excellent at a mean of seventeen years.
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first thirty-
three consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourteen 
patients, the second in eighteen patients, and the third in one patient. The average 
duration of follow-up was 10.4 years (range, eight to thirteen years). The Kaplan-
Meier analysis showed that the probability of survival of the femoral component 
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 99%) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were three postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991 
and February 1996, thirty-three consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-three patients 
(Table I). The surgical technique has been previously described in detail.2 In 
addition to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to support the weakened proximal cortical bone to 
prevent fracturing during the impaction process. Thirty-one acetabular cups were 
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifteen years. All patients were prospectively followed annually or 
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first thirty-
three consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourteen 
patients, the second in eighteen patients, and the third in one patient. The average 
duration of follow-up was 10.4 years (range, eight to thirteen years). The Kaplan-
Meier analysis showed that the probability of survival of the femoral component 
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 99%) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were three postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991 
and February 1996, thirty-three consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-three patients 
(Table I). The surgical technique has been previously described in detail.2 In 
addition to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to support the weakened proximal cortical bone to 
prevent fracturing during the impaction process. Thirty-one acetabular cups were 
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifteen years. All patients were prospectively followed annually or 
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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ABSTRACT 
We previously reported our results for thirty-three consecutive femoral component 
revisions with impaction bone-grafting, performed with the X-change femoral 
revision system and a cemented polished Exeter stem, at a minimum of eight years 
of follow-up. The present updated study shows the results after fifteen to twenty 
years. One stem was revised again for mechanical reasons during a rerevision of 
an acetabular cup. The probability of survival at seventeen years was 96% (95% 
confidence interval [CI], 72% to 99%) with a femoral rerevision for any reason 
as the end point and 100% (95% one-sided CI, 69% to 100%) with rerevision for 
aseptic loosening as the end point. The average subsidence was 3 mm and stable 
relative to our previous report. Although three early femoral fractures occurred 
after this surgery, in this update no additional fractures were seen. In conclusion, 
the probability of survival of femoral component revisions with impaction bone-
grafting and a cemented polished stem was excellent at a mean of seventeen years.
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first hirty-
thre  consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourte n 
patients, the second in eighte n patients, and the third in one patient. The average 
duration of ollow-up was 10.4 years (range, eight o thirte n years). The Kaplan-
Meier analysis showed that he probabil ty of survival of the femoral component 
was 10 % (95% one-sided confidence interval [CI], 91% to 10 %) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 9 %) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were thre  postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of sevente n years (range, fifte n to twenty years).
MeThoDS
The study was ap roved by our insti utional review board. Betwe n March 19 1 
and February 19 6, thirty-thre  consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-thre  patients 
(Table I). The surgical technique has be n previously described in detail.2 In 
ad it on to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to sup ort he weakened proximal cortical bone to 
prevent fracturing during the impaction proces . Thirty-one acetabular cups were 
also revised at he same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifte n years. All patients were prospectively followed an ually or 
bien ially for at least fifte n years or until rerevision or death.
Femoral bone-stock defects were clas ified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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equal radiodensity of graft and host bone, with a trabecular pattern throughout, 
according to Conn et al.4 Subsidence of the femoral stem was determined with 
the method of Fowler et al,5 and radiolucent lines between the cement and the 
bone were scored with use of the classification system of Gruen et al.6 As of 
the last review in 2011, all living patients with surviving hips had had clinical 
and radiographic examinations and a Harris hip score had been obtained. All 
patients who died during the period of follow-up were followed on a regular basis 
until their death, and their data were included in this report. Failure was defined 
clinically as the need for rerevision of the femoral component for any reason. 
Radiographic failure was defined as a circumferential radiolucent line in all seven 
Gruen zones evaluated on anteroposterior radiographs of the proximal part of the 
femur. 
Kaplan-Meier analysis was performed with four different end points: a 
rerevision of the femoral component for any reason, a rerevision of the femoral 
component for aseptic loosening, a femoral reoperation for any reason, or 
subsidence of ≥5 mm. Kaplan-Meier survivorship analysis was performed for the 
whole group of hips treated with femoral reconstruction and included 95% CIs.
patients and hips
number in series 33
Sex
          Female 24
          Male 9
Type of bone-stock defects according to Endoklinik classification*
          Grade 1 3
          Grade 2 14
          Grade 3 12
          Grade 4 4
Deaths during follow-up period 19
Re-revisions during follow-up 1
          Due to septic loosening 0
          Due to aseptic loosening 0
          Due to mechanical problems (cortex perforation) 1
Table I
patient demographics.
*The Endoklinik classification of femoral bone stock loss3:
Grade 1 = Radiolucent lines limited to the proximal half of the cement mantle in combination with clinical 
signs of loosening. 
Grade 2 = Complete radiolucent lines around the cement mantle with endosteal erosion around the 
proximal part of the cement mantle resulting in widening of the medullary cavity.
Grade 3 = Widening of the medullary cavity around the loose implant due to endosteal erosion and 
expansion of the femur.
Grade 4 = Gross destruction of the proximal third of the femur with involvement of the middle third, 
precluding the insertion of even a long-stemmed prosthesis.
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ReSUlTS
Clinical results
Of the original group of thirty-three patients (thirty-three hips), no patient was lost 
to follow-up. Nineteen patients (nineteen implants) had died of causes unrelated 
to the surgery. At the time of final follow-up, thirteen surviving hips were in situ 
in thirteen patients (mean age, seventy-three years; range, fifty-two to eighty-
seven years). Twelve patients were clinically and radiographically evaluated 
after a mean follow-up period of seventeen years (range, fifteen to twenty years). 
Unfortunately, one patient was unable to attend because of advanced age and 
comorbidity; however, by telephone, the patient reported no reoperation and no 
apparent clinical symptoms of femoral loosening. There was no pain and the 
hip was functioning well. The average Harris hip score of the surviving patients 
declined from a mean of 85 points (range, 68 to 100 points) at the time of the 
previous report to 76 points (range, 51 to 100 points) at the current review.
Rerevisions
One rerevision of a femoral component was performed thirteen years after the 
first revision surgery. However, the primary indication for this rerevision was 
aseptic loosening of the cup. During this procedure, it was decided to remove the 
stem and perform a cement-in-cement rerevision with the Exeter Short Revision 
Stem (Stryker Howmedica) because of a distal cortex perforation of the original 
revision stem, as described in the previous report. The stem showed no signs of 
loosening and during rerevision no osteolysis was seen (Fig. 1).
Radiographic results
Radiographic follow-up was complete for twenty-three hips (70%), which were 
used for further analysis. Data were incomplete for nine patients (nine hips) who 
had died and for the patient who was unable to attend. For these patients, the 
latest radiographs available were used. None of the patients had migration of the 
cement mantle of the femoral stem relative to the bone; however, there was an 
average subsidence of the stem of 3 mm (range, 0 to 14 mm) at the time of follow-
up. Eleven stems showed no signs of migration, and seven stems (all described in 
the first report) showed migration of ≥5 mm, including the hip that was rerevised 
because of perforation through the distal cortical window. Three stems had an 
additional subsidence of 1 mm compared with our first report, resulting in a total 
subsidence of 3, 3, and 4 mm. The stems with available radiographic follow-up 
that had migrated ≥5 mm, as described in our first report, showed no additional 
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first thirty-
three consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourteen 
patients, the second in eighteen patients, and the third in one patient. The average 
duration of follow-up was 10.4 years (range, eight to thirteen years). The Kaplan-
Meier analysis showed that the probability of survival of the femoral component 
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 99%) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were three postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991 
and February 1996, thirty-three consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-three patients 
(Table I). The surgical technique has been previously described in detail.2 In 
addition to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to support the weakened proximal cortical bone to 
prevent fracturing during the impaction process. Thirty-one acetabular cups were 
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifteen years. All patients were prospectively followed annually or 
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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equal radiodensity of graft and host bone, with a trabecular pattern throughout, 
according to Conn et al.4 Subsidence of the femoral stem was determined with 
the method of Fowler et al,5 and radiolucent lines between the cement and the 
bone were scored with use of the classification system of Gruen et al.6 As of 
the last review in 2011, all living patients with surviving hips had had clinical 
and radiographic examinations and a Harris hip score had been obtained. All 
patients who died during the period of follow-up were followed on a regular basis 
until their death, and their data were included in this report. Failure was defined 
clinically as the need for rerevision of the femoral component for any reason. 
Radiographic failure was defined as a circumferential radiolucent line in all seven 
Gruen zones evaluated on anteroposterior radiographs of the proximal part of the 
femur. 
Kaplan-Meier analysis was performed with four different end points: a 
rerevision of the femoral component for any reason, a rerevision of the femoral 
component for aseptic loosening, a femoral reoperation for any reason, or 
subsidence of ≥5 mm. Kaplan-Meier survivorship analysis was performed for the 
whole group of hips treated with femoral reconstruction and included 95% CIs.
patients and hips
number in series 33
Sex
          Female 24
          Male 9
Type of bone-stock defects according to Endoklinik classification*
          Grade 1 3
          Grade 2 14
          Grade 3 12
          Grade 4 4
Deaths during follow-up period 19
Re-revisions during follow-up 1
          Due to septic loosening 0
          Due to aseptic loosening 0
          Due to mechanical problems (cortex perforation) 1
Table I
patient demographics.
*The Endoklinik classification of femoral bone stock loss3:
Grade 1 = Radiolucent lines limited to the proximal half of the cement mantle in combination with clinical 
signs of loosening. 
Grade 2 = Complete radiolucent lines around the cement mantle with endosteal erosion around the 
proximal part of the cement mantle resulting in widening of the medullary cavity.
Grade 3 = Widening of the medullary cavity around the loose implant due to endosteal erosion and 
expansion of the femur.
Grade 4 = Gross destruction of the proximal third of the femur with involvement of the middle third, 
precluding the insertion of even a long-stemmed prosthesis.
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ReSUlTS
Clinical res lts
Of the original gr up of thirty-three patients (thirty-thr e hips), no patient was lost 
to follow-up. Nineteen patients (nineteen implants) had died of causes unrelated 
to the surgery. At the time of final follow-up, t irteen surviving h ps were in situ 
in thirteen patients (mean ag , seventy-three y ars; ra ge, fifty-two to eighty-
seven years). Twelve patients w re cli ically and radiographically evaluated 
after a me n follow-up period of seventeen years (range, fifte n to twenty years). 
Unfortunately, one pat ent was unable to attend because of advanced ag  and 
c morbidity; however, by telephone, the patient reported no reoperation and no 
apparent cl nical symptoms of femoral looseni g. There was no pain and the 
hip was functioning well. The average Harris hip score of the survi i g patients 
declined from a ean of 85 points (range, 68 to 100 points) at the time of the 
previous report to 76 po nts (range, 51 to 100 poi ts) at the current r view.
Rerevisions
One rerevision of a f mor l component was performed thirteen years after the 
first revision surgery. However, the primary indication for this rerevision was 
aseptic loosening of the cup. During this procedure, it was decided to remove the 
stem and perform a cement-in-cement rerevision with the Exeter Short Revision 
Stem (Stryker Howmedica) because of a distal cortex perforation of the original 
revision stem, as described in the previous report. The stem sho ed no signs of 
loosening and during rerevision no steolys s was seen (Fig. 1).
Rad ographic results
Radiographic follow-up was complete for twenty-three hips (70%), which were 
use  for further an lysis. Data wer  incomplete for nine pati nts (nine hips) who 
had died and for the patient who was unable to attend. For these patients, the 
latest radiographs available w re used. None of the patients had migration of the 
cement mantl  of the f moral s em relative to the bone; h wever, there was an 
average subsidence of the stem of 3 mm (range, 0 to 14 mm) at the time of follow-
up. Eleven stems showed no signs of migration, and seven stems (all described in 
the first report) show d migration of ≥5 mm, including the hip that was rerevised 
because f perforation th ough the distal cortical window. Three stems h d an 
additiona  subsidence of 1 mm compared with our first repor , resulting in a total 
subsidence of 3, 3, and 4 mm. The st ms w th available radiographic follow-up 
that had migrated ≥5 mm, as described in our first report, showed no a ditional 
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subsidence at the time of follow-up. Of the six hips with radiolucent lines described 
in our first report, only one hip had lines that were progressive. In this patient, an 
osteolytic defect situated in Gruen zone 1 had increased in size from 10 x 4 mm 
at the time of our first report to 16 x 6.5 mm at the current report. One patient 
had new radiolucent lines in Gruen zones 1 and 2. None of the hips demonstrated 
a circumferential radiolucent line. Signs of trabecular incorporation and cortical 
bone remodeling were difficult to quantify as metal meshes often obscured these 
interfaces. The zones that could be evaluated demonstrated evidence of trabecular 
incorporation in 90% (167 of 186) and cortical remodeling in 29% (fifty-four of 
186).
Additional reoperations and complications
As noted in our previous report, four additional reoperations on the femoral 
side were performed. Since our previous report, one acetabular rerevision was 
performed because of aseptic loosening of the cup; in this case, the stem was 
exchanged with the cement-in-cement technique (Table I).
Survivorship analysis
Kaplan-Meier analysis showed the probability of survival of the femoral 
component, with rerevision for any reason as the end point, at seventeen years was 
figure 1
Preoperative anteroposterior (Fig. 1-A) and faux profil (Fig. 1-B) radiographs of the femoral component with 
a distal cortical perforation at the tip of the prosthesis (arrow) after thirteen years follow-up. No signs of 
loosening or fracture can be observed. One year postoperative anteroposterior (Fig. 1-C) and faux profil 
(Fig. 1-D) radiographs after re-revision of the femoral component with an Exeter Short Revision Stem. By 
inserting this shorter stem the perforation of the femoral cortex could be closed with cement (arrow).
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96% (95% CI, 72% to 99%) (Fig. 2-A). The probability of survival at seventeen 
years, with rerevision for aseptic loosening as end point, was 100% (95% one-
sided CI, 69% to 100%) (Fig. 2-B), and the probability of survival at seventeen 
years, with femoral reoperation for any reason as the end point, was 83% (95% 
CI, 63% to 93%) (Fig. 2-C). With subsidence of the femoral stem of ≥5mm as the 
end point, the probability of survival at seventeen years was 73% (95% CI, 51% to 
87%) (Fig. 2-D). The probability of survival of the femoral component at different 
periods of follow-up and for different end points is shown in Table II.
figure 2
Kaplan-Meier survival curves with the end points of rerevision of the femoral component for any reason 
(Fig. 2-A), rerevision of the femoral component for aseptic loosening (Fig 2-B), femoral reoperation for 
any reason (Fig. 2-C) and subsidence ≥5mm (Fig. 2-D). The broken lines indicate the 95% confidence 
intervals.
Fig. 2-A Fig. 2-B
Fig. 2-C Fig. 2-D
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first thirty-
three consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourteen 
patients, the second in eighteen patients, and the third in one patient. The average 
duration of follow-up was 10.4 years (range, eight to thirteen years). The Kaplan-
Meier analysis showed that the probability of survival of the femoral component 
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 99%) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were three postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991 
and February 1996, thirty-three consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-three patients 
(Table I). The surgical technique has been previously described in detail.2 In 
addition to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to support the weakened proximal cortical bone to 
prevent fracturing during the impaction process. Thirty-one acetabular cups were 
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifteen years. All patients were prospectively followed annually or 
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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subsidence at the time of follow-up. Of the six hips with radiolucent lines described 
in our first report, only one hip had lines that were progressive. In this patient, an 
osteolytic defect situated in Gruen zone 1 had increased in size from 10 x 4 mm 
at the time of our first report to 16 x 6.5 mm at the current report. One patient 
had new radiolucent lines in Gruen zones 1 and 2. None of the hips demonstrated 
a circumferential radiolucent line. Signs of trabecular incorporation and cortical 
bone remodeling were difficult to quantify as metal meshes often obscured these 
interfaces. The zones that could be evaluated demonstrated evidence of trabecular 
incorporation in 90% (167 of 186) and cortical remodeling in 29% (fifty-four of 
186).
Additional reoperations and complications
As noted in our previous report, four additional reoperations on the femoral 
side were performed. Since our previous report, one acetabular rerevision was 
performed because of aseptic loosening of the cup; in this case, the stem was 
exchanged with the cement-in-cement technique (Table I).
Survivorship analysis
Kaplan-Meier analysis showed the probability of survival of the femoral 
component, with rerevision for any reason as the end point, at seventeen years was 
figure 1
Preoperative anteroposterior (Fig. 1-A) and faux profil (Fig. 1-B) radiographs of the femoral component with 
a distal cortical perforation at the tip of the prosthesis (arrow) after thirteen years follow-up. No signs of 
loosening or fracture can be observed. One year postoperative anteroposterior (Fig. 1-C) and faux profil 
(Fig. 1-D) radiographs after re-revision of the femoral component with an Exeter Short Revision Stem. By 
inserting this shorter stem the perforation of the femoral cortex could be closed with cement (arrow).
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96% (95% CI, 72% to 99%) (Fig. 2-A). The probability of survival at seventeen 
years, with rerevision for aseptic loosening as end point, was 100% (95% one-
sided CI, 69% to 100%) (Fig. 2-B), and the probability of survival at seventeen 
yea s, with femoral reoperation for any reason as the end point, was 83% (95% 
CI, 63% to 93%) (Fig. 2-C). With subsidence of the femoral stem of ≥5mm as the 
end point, the probability of survival at seventeen years was 73% (95% CI, 51% o 
87%) (Fig. 2-D). Th  probability of s rvival of the femoral component at diffe ent 
periods of follow-up a d for different end points is show  i  Table II
figure 2
Kaplan-Meier survival curves with the end points of rerevision of the femoral component for any reason 
(Fig. 2-A), rerevision of the femoral component for aseptic loosening (Fig 2-B), femoral reoperation for 
any reason (Fig. 2-C) and subsidence ≥5mm (Fig. 2-D). The broken lines indicate the 95% confidence 
intervals.
Fig. 2-A Fig. 2-B
Fig. 2-C Fig. 2-D
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
28
Chapter 2
5-Year 10-Year 15-Year 17-Year
Survival 
(95% CI)
n Survival 
(95% CI)
n Survival 
(95% CI)
n Survival 
(95% CI)
n
Rerevision for any reason 100%  
(90-100)
29 100%  
(89-100)
25 96%  
(72-99)
18 96%  
(72-99)
8
Rerevision for aseptic loosening 100%  
(90-100)
29 100%  
(89-100)
25 100% 
(85-100)
18 100% 
(69-100)
8
Reoperation for any reason 91%  
(74-97)
26 87%  
(69-95)
22 83%  
(63-93)
16 83%  
(63-93)
7
Subsidence ≥5 mm 88%  
(70-95)
23 78%  
(57-90)
16 73%  
(51-87)
12 73%  
(51-87)
4
Table II
Probability of survival for different periods of follow-up and end points, with 95% confidence interval.
C
ConClUSIonS
To our knowledge, this is the first clinical study with a fifteen to twenty-year 
clinical and radiographic follow-up of the results of femoral revisions performed 
with use of this relatively new, instrumented impaction bone-grafting technique.
Compared with the results of our previous study,1 the survival rates remain 
excellent and the survival did not deteriorate with a longer follow-up period. 
Only one femoral component was rerevised with use of a cement-in-cement 
technique during a rerevision of the cup. However, the overall clinical scores had 
deteriorated. This result probably reflects the relative higher age of the patients 
and, as a result of that, the lower level of function.
A limitation of our study is that, as a result of the long duration of follow-up after 
femoral revision, only fourteen patients were alive at the final review in February 
2011. However, the follow-up was nearly complete, including for the patients who 
had died, and the fate of every reconstruction was known. Unfortunately, not all 
radiographic files were complete.
The probability of survival of 100% (95% one-sided CI, 69% to 100%) at 
seventeen years, with an end point of rerevision of the femoral component for aseptic 
loosening, is comparable with other long-term reports. Ornstein et al7 reported an 
excellent survivorship at fifteen years of 99.1% (95% CI, 98.4% to 99.5%) in an 
impressive group of 1305 revisions identified from the Swedish registry. Seventy 
rerevisions were performed during follow-up. However, in their study, there was no 
analysis of clinical scores or radiographs, so potential failures or early radiographic 
signs may have been missed. Wraighte and Howard8 reported results of a series 
of seventy-five revisions reviewed at a mean of 10.5 years. Survivorship with any 
CI = confidence interval, n = number of patients at risk
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further femoral operation as the end point was 92% (95% CI, 82% to 97%).
In conclusion, the probability of survival was excellent at seventeen years 
following femoral revision with the X-change femoral revision system, impaction 
of fresh-frozen bone grafts, and insertion of a cemented polished stem. This 
technique is very useful for the purpose of restoring bone stock in patients with 
femoral defects that require revision total hip arthroplasty. For over twenty years, 
we have used this technique as our standard femoral revision technique in patients 
with femoral bone-stock loss.
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first thirty-
three consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourteen 
patients, the second in eighteen patients, and the third in one patient. The average 
duration of follow-up was 10.4 years (range, eight to thirteen years). The Kaplan-
Meier analysis showed that the probability of survival of the femoral component 
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 99%) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were three postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991 
and February 1996, thirty-three consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-three patients 
(Table I). The surgical technique has been previously described in detail.2 In 
addition to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to support the weakened proximal cortical bone to 
prevent fracturing during the impaction process. Thirty-one acetabular cups were 
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifteen years. All patients were prospectively followed annually or 
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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n Survival 
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n Survival 
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n Survival 
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25 96%  
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18 96%  
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Rerevision for aseptic loosening 100%  
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8
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(74-97)
26 87%  
(69-95)
22 83%  
(63-93)
16 83%  
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7
Subsidence ≥5 mm 88%  
(70-95)
23 78%  
(57-90)
16 73%  
(51-87)
12 73%  
(51-87)
4
Table II
Probability of survival for different periods of follow-up and end points, with 95% confidence interval.
C
ConClUSIonS
To our knowledge, this is the first clinical study with a fifteen to twenty-year 
clinical and radiographic follow-up of the results of femoral revisions performed 
with use of this relatively new, instrumented impaction bone-grafting technique.
Compared with the results of our previous study,1 the survival rates remain 
excellent and the survival did not deteriorate with a longer follow-up period. 
Only one femoral component was rerevised with use of a cement-in-cement 
technique during a rerevision of the cup. However, the overall clinical scores had 
deteriorated. This result probably reflects the relative higher age of the patients 
and, as a result of that, the lower level of function.
A limitation of our study is that, as a result of the long duration of follow-up after 
femoral revision, only fourteen patients were alive at the final review in February 
2011. However, the follow-up was nearly complete, including for the patients who 
had died, and the fate of every reconstruction was known. Unfortunately, not all 
radiographic files were complete.
The probability of survival of 100% (95% one-sided CI, 69% to 100%) at 
seventeen years, with an end point of rerevision of the femoral component for aseptic 
loosening, is comparable with other long-term reports. Ornstein et al7 reported an 
excellent survivorship at fifteen years of 99.1% (95% CI, 98.4% to 99.5%) in an 
impressive group of 1305 revisions identified from the Swedish registry. Seventy 
rerevisions were performed during follow-up. However, in their study, there was no 
analysis of clinical scores or radiographs, so potential failures or early radiographic 
signs may have been missed. Wraighte and Howard8 reported results of a series 
of seventy-five revisions reviewed at a mean of 10.5 years. Survivorship with any 
CI = confidence interval, n = number of patients at risk
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further femoral operation as the end point was 92% (95% CI, 82% to 97%).
In conclusion, the probability of survival was excellent at seventeen years 
following femoral revision with the X-change femoral revision system, impact on 
of fresh-frozen bon  grafts, and insertion of a ceme ted polished ste . This 
technique is very useful for th  purpose of restoring bone stock in patients with 
femoral defects that requir  revision total hip arthroplasty. For over twenty years, 
we have used this technique as our standard femoral revisi n technique i  patients 
with femoral bone-stock loss.
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BACKGRoUnD 
Previously, we reported the clinical and radiographic outcomes of the first thirty-
three consecutive femoral revisions, including the learning curve, performed with 
the impaction bone-grafting technique with use of the X-change femoral revision 
system (Stryker Howmedica, Newbury, United Kingdom) and a cemented 
polished Exeter stem.1 This procedure was the first femoral revision in fourteen 
patients, the second in eighteen patients, and the third in one patient. The average 
duration of follow-up was 10.4 years (range, eight to thirteen years). The Kaplan-
Meier analysis showed that the probability of survival of the femoral component 
was 100% (95% one-sided confidence interval [CI], 91% to 100%) with rerevision 
of the femoral component for any reason as the end point and 85% (95% CI, 72% 
to 99%) with reoperation for any reason as the end point.1 The average subsidence 
of the femoral stem within the cement mantle was 3 mm, with seven stems that 
migrated ≥5 mm. There were three postoperative femoral fractures, which all 
healed after surgery with use of plate fixation, and none of these stems had failed 
at the time of follow-up. The purpose of the present study was to update the 
clinical and radiographic results of our previous report after a mean duration of 
follow-up of seventeen years (range, fifteen to twenty years).
MeThoDS
The study was approved by our institutional review board. Between March 1991 
and February 1996, thirty-three consecutive femoral revisions were performed 
with the impaction bone-grafting technique, with use of the X-change femoral 
revision system and a cemented polished Exeter stem, in thirty-three patients 
(Table I). The surgical technique has been previously described in detail.2 In 
addition to the standard technique, the calcar region was reinforced with metal 
mesh and cerclage wires in twelve hips, and a distal femoral segmental defect 
was also augmented with metal mesh in seven of them. In another seven hips, 
only cerclage wires were used to support the weakened proximal cortical bone to 
prevent fracturing during the impaction process. Thirty-one acetabular cups were 
also revised at the same surgery.
For this update report, we reviewed all femoral revisions at a minimum follow-
up period of fifteen years. All patients were prospectively followed annually or 
biennially for at least fifteen years or until rerevision or death.
Femoral bone-stock defects were classified with use of the system of the 
Endoklinik.3 Radiographic evidence of bone-graft incorporation was defined as 
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ABSTRACT 
We report the clinical and radiographic outcomes of 208 consecutive femoral 
revision arthroplasties performed in 202 patients (119 women, 83 men) between 
March 1991 and December 2007 using the X-change Femoral Revision System, 
fresh-frozen morcellised allograft and a cemented polished Exeter stem. All 
patients were followed prospectively. The mean age of the patients at revision 
was 65 years (30 to 86). At final review in December 2013 a total of 130 patients 
with 135 reconstructions (64.9%) were alive and had a non re-revised femoral 
component after a mean follow-up of 10.6 years (4.7 to 20.9). One patient was 
lost to follow-up at six years, and their data were included up to this point. Re-
operation for any reason was performed in 33 hips (15.9%), in 13 of which the 
femoral component was re-revised (6.3%). The mean pre-operative Harris hip 
score was 52 (19 to 95) (n = 73) and improved to 80 (22 to 100) (n = 161) by the 
last follow-up. Kaplan–Meier survival with femoral re-revision for any reason as 
the endpoint was 94.9% (95% confidence intervals (CI) 90.2 to 97.4) at ten years; 
with femoral re-revision for aseptic loosening as the endpoint it was 99.4% (95% 
CI 95.7 to 99.9); with femoral re-operation for any reason as the endpoint it was 
84.5% (95% CI 78.3 to 89.1); and with subsidence ≥ 5 mm it was 87.3% (95% CI 
80.5 to 91.8). Femoral revision with the use of impaction allograft bone grafting 
and a cemented polished stem results in a satisfying survival rate at a mean of ten 
years’ follow-up.
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InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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mean body mass index was 26.5 (18.6 to 41.7); 115 procedures were performed on 
the right side (55.3%).
This was a consecutive unselected series, including the learning experience 
of the very first revisions, and all patients were followed prospectively. Our 
policy has been to perform all femoral component revisions associated with bone 
stock loss using this technique. Patients in whom a femoral component revision 
was performed for oncological reasons were excluded. A total of six surgeons 
were involved, and 189 (91%) of the operations were performed by three of the 
authors (JWMG, AvK and BWS). The indications for the femoral component 
revisions and the primary hip arthroplasties are shown in Table I. In 137 hips 
(65.9%) it was the first revision, in 62 (29.8%) it was the second revision and 
in nine (4.3%) the third revision. In 155 hips (74.5%) a revision of both femoral 
and acetabular components was performed, and in 37 hips (17.8%) an isolated 
revision of the femoral component was performed. In the remaining 16 hips 
(7.7%) a hemiarthroplasty was converted to a THA, with revision of the femoral 
component. Of the 36 hips with septic loosening 30 were treated with a two-
stage revision procedure, with systemic antibiotics administered for at least six 
weeks prior to second-stage re-implantation. The diagnosis of septic loosening 
in the remaining six hips was made post-operatively, based on positive bacterial 
cultures taken during a one-stage revision for what had initially been thought to 
be a revision for aseptic loosening. These infections were treated with systemic 
antibiotics for at least six weeks.
Surgical technique
All revisions were performed with the X-change Femoral Revision System. The 
surgical technique has previously been described in detail.17 The posterolateral 
approach was used in all hips. A standard length (150 mm) polished Exeter femoral 
component was used in 185 revisions (88.9%) and in 23 revisions (11.1%) a long 
polished Exeter component was used, ranging from 205 mm to 260 mm in length. 
The results of these long stems with impaction bone grafting were recently also 
included in a study reporting the results of all long stemmed revisions (with 
and without the use of impaction bone grafting) performed at our institution.18 
A cemented femoral component was revised in 163 hips and an uncemented 
component in 45 hips. Owing to the difficulty of removing the cement or osseo-
integrated cementless stems, a full-length Wagner osteotomy19 was used in 21 
revisions (10.1%). In ten revisions (4.8%) a small distal cortical window was used to 
remove the distal cement, plug or the distal part of a broken stem, and in one revision 
(0.5%) a Charnley transtrochanteric osteotomy was performed. Before performing 
the impaction allograft bone grafting, segmental cortical defects, perforations 
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and fractures were reconstructed with metal meshes and cerclage wires (Table 
II). All the allografts were fresh-frozen femoral heads from our institutional bone 
bank, with between one and three femoral heads used per case. After thawing, 
the cartilage was removed and the heads were milled with use of a Novio Magus 
bone mill (Spierings Medische Techniek, Nijmegen, The Netherlands). This 
mill produces bone chips with a diameter of 2 mm to 5 mm. Surgical Simplex 
bone cement (Stryker) was used in all hips. The post-operative regimen included 
the administration of systemic antibiotics, 1 g cefazolin intravenously at eight 
hourly intervals for 24 hours, and indomethacin (50 mg three daily dosages) was 
given for seven days to prevent heterotopic ossification. All patients received 
anticoagulation with Coumadin (warfarin) or low molecular weight heparin for 
venous thromboembolism prophylaxis for a minimum of six weeks.
Post-operative treatment protocol
The post-operative treatment protocol evolved during the study period and was 
also dependent on the complexity of the femoral and acetabular reconstruction, 
if performed. In general, in the first years of this series all patients had bed rest 
Indications for primary total hip arthroplasty/hemiarthroplasty number (%)
Primary osteoarthritis 65 31.3
Childhood hip diseases 40 19.2
     Congenital hip dysplasia      33      15.9
     Slipped capital femoral epiphysis      4      1.9
     Perthes’ disease      3      1.4
Trauma 55 26.4
Rheumatoid arthritis 14 6.7
Osteonecrosis 9 4.3
Secondary osteoarthritis after Bechterew’s disease 4 1.9
Infectious 3 1.4
Miscellaneous causes 3 1.4
Unknown 15 7.2
Indications for femoral revision 
Aseptic loosening 158 75.9
Septic loosening 36 17.3
Trauma 1 0.5
Pain 6 2.9
Protrusio acetabuli of the head of a hemiarthroplasty 2 1.0
Malposition of the femoral component 2 1.0
Fractured femoral component 1 0.5
Dislocation 1 0.5
Damaged femoral head of a monoblock stem during acetabular revision 1 0.5
Table I
Indications for the 208 primary total hip arthroplasties/hemiarthroplasties and revisions.
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
35
208 femoral revisions with impaction bone grafting
3
InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
36
Chapter 3
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This was a consecutive unselected series, including the learning experience 
of the very first revisions, and all patients were followed prospectively. 2ur 
policy has been to perform all femoral component revisions associated with bone 
stock loss using this technique. Patients in whom a femoral component revision 
was performed for oncological reasons were excluded. A total of six surgeons 
were involved, and 189 (91%) of the operations were performed by three of the 
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and acetabular components was performed, and in 37 hips (17.8%) an isolated 
revision of the femoral component was performed. In the remaining 16 hips 
(7.7%) a hemiarthroplasty was converted to a THA, with revision of the femoral 
component. Of the 36 hips with septic loosening 30 were treated with a two-
stage revision procedure, with systemic antibiotics administered for at least six 
weeks prior to second-stage re-implantation. The diagnosis of septic loosening 
in the remaining six hips was made post-operatively, based on positive bacterial 
cultures taken during a one-stage revision for what had initially been thought to 
be a revision for aseptic loosening. These infections were treated with systemic 
antibiotics for at least six weeks.
Surgical technique
All revisions were performed with the X-change Femoral Revision System. The 
surgical technique has previously been described in detail.17 The posterolateral 
approach was used in all hips. $ standard length (1 mm) polished Exeter femoral 
component was used in 185 revisions (88.9%) and in 23 revisions (11.1%) a long 
polished Exeter component was used, ranging from  mm to  mm in length. 
The results of these long stems with impaction bone grafting were recently also 
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integrated cementless stems, a full-length Wagner osteotomy19 was used in 21 
revisions (10.1%). In ten revisions (4.8%) a small distal cortical window was used to 
remove the distal cement, plug or the distal part of a broken stem, and in one revision 
(0.5%) a Charnley transtrochanteric osteotomy was performed. Before performing 
the impaction allograft bone grafting, segmental cortical defects, perforations 
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given for seven days to prevent heterotopic ossification. All patients received 
anticoagulation with Coumadin (warfarin) or low molecular weight heparin for 
venous thromboembolism prophylaxis for a minimum of six weeks.
Post-operative treatment protocol
The post-operative treatment protocol evolved during the study period and was 
also dependent on the complexity of the femoral and acetabular reconstruction, 
if performed. In general, in the first years of this series all patients had bed rest 
Indications for primary total hip arthroplasty/hemiarthroplasty number (%)
Primary osteoarthritis 65 31.3
Childhood hip diseases 40 19.2
     Congenital hip dysplasia     33      15.9
     Slipped capital femoral epiphysis      4      1.9
     Perthes’ disease      3      1.4
Trauma 55 26.4
Rheumatoid arthritis 14 6.7
Osteonecrosis 9 4.3
Secondary osteoarthritis after Bechterew’s disease 4 1.9
Infectious 3 1.4
Miscellaneous causes 3 1.4
Unknown 15 7.2
Indications for femoral revision 
Aseptic loosening 158 75.9
Septic loosening 36 17.3
Trauma 1 0.5
Pain 6 2.9
Protrusio acetabuli of the head of a hemiarthroplasty 2 1.0
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Table I
Indications for the 208 primary total hip arthroplasties/hemiarthroplasties and revisions.
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for six weeks, with passive movement of the operated hip starting 24 hours post-
operatively in bed. During the second six-week period, toe-touch weight-bearing 
was allowed, and the third six-week period patients were permitted to load 50% of 
body weight on to the affected hip using two crutches, before full weight-bearing 
was allowed. With increased experience of the impaction grafting technique the 
duration of bed rest was reduced, and currently patients start toe-touch weight-
bearing two days after surgery.
)ollow-up protocol
A standard post-operative follow-up protocol was used, with physical and 
radiographic examination after six weeks, three months, six months and one year, 
and annually or biennially thereafter. The data of deceased patients up to the date 
of their death were included.
&linical evaluation was performed using the +arris hip score (++S worst 
score 0; best score 100)20 and the 2xford hip score (2+S worst score  best score 
48),21 measured pre-operatively and at all subsequent examinations.
Visual analogue scales (VAS)22 were used for pain at rest and during physical 
activity on a scale from 0 (no pain) to 100 (unbearable pain), and a VAS score for 
satisfaction on a scale from  (not satisfied at all) to 1 (complete satisfaction). 
All these scores were determined during the post-operative follow-up.
Radiological review
$nteroposterior ($3) radiographs of all hips were evaluated at the final follow-up 
and compared with all earlier pre- and post-operative radiographs by two of the 
authors (MTS and BWS), who agreed a consensus opinion. Loss of bone stock was 
Method of reinforcement number 
Metal Meshes
None 120 57.7
Only proximal (calcar/major trochanter region) 63 30.3
Only distal cortical 10 4.8
Combination proximal and distal 11 5.3
Circumferential whole proximal femoral shaft 4 1.9
Cerclage wires
None* 100 48.1
1 to 3 63 30.3
4 to 6 34 16.3
> 7 11 5.3
Table I|
Reconstructive materials used.
 ,n three reYisions old wires were alread\ in situ
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determined on pre-operative radiographs and on the basis of the intra-operative 
findings and classified according to the Endoklinik system, as was described in 
the study by Gie et al.8 Bone loss was classified as grade 1 in 71 hips (34.1%), grade 
2 in 70 (33.7%), grade 3 in 54 (26%) and grade 4 in 13 (6.3%). We determined 
stem migration, graft incorporation and the presence of radiolucent lines. To 
determine stem subsidence the method described by Fowler et al23 was used, and 
radiolucencies (complete radiolucent lines ≥ 2 mm in width) were scored using 
the classification system of Gruen, McNeice and Amstutz.24 Signs of t rabecular 
incorporation were evaluated according to the criteria of Conn et al.25 
Radiographic failure was defined as a circumferential radiolucent line in all seven 
Gruen zones on an AP view and/or a stem subsidence ≥ 5 mm.
Statistical analysis
Data analysis was carried out using SPSS version 20.0 software (IBM Corp., 
Armonk, New York) and Graphpad Pris version 5.03 (Graphpad Software Inc., La 
Jolla, California). We performed Kaplan-Meier survival analysis, including 
determination of 95% confidence intervals (CI) for the following endpoints: 
femoral re-revision for any reason, femoral re-revision for aseptic loosening, 
femoral re-operation for any reason, and stem subsidence ≥ 5 mm. Lastly, we 
calculated a worst-case scenario, defining re-revision, post-operative 
periprosthethic fracture, radiographic failure or loss to follow-up as a collective 
endpoint.
Comparisons of the survival of the individual Endoklinik groups and the 
standard-length stems versus the long stems were also performed for all these 
endpoints using the log rank test. A p-value < 0.05 was considered statistically 
significant.
ReSUlTS
Clinical
At the final review in December 2013, 130 patients with 135 reconstructions 
(64.9%) were alive and had a non-re-revised femoral component after a mean 
follow-up of 10.6 years (4.7 to 20.9). One patient (0.5%) was lost to follow-up 
approximately six years after the revision surgery and those data until this last 
follow-up were included. Two patients died in the immediate post-operative 
period (1%), one from an acute cerebrovascular accident 14 days post-operatively 
and the other 17 days post-operatively from multiple organ failure caused by an 
undiagnosed lymphoproliferative disorder.
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
35
208 femoral revisions with impaction bone grafting
3
InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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for six weeks, with passive movement of the operated hip starting 24 hours post-
operatively in bed. During the second six-week period, toe-touch weight-bearing 
was allowed, and the third six-week period patients were permitted to load 50% of 
body weight on to the affected hip using two crutches, before full weight-bearing 
was allowed. With increased experience of the impaction grafting technique the 
duration of bed rest was reduced, and currently patients start toe-touch weight-
bearing two days after surgery.
Follow-up protocol
A standard post-operative follow-up protocol was used, with physical and 
radiographic examination after six weeks, three months, six months and one year, 
and annually or biennially thereafter. The data of deceased patients up to the date 
of their death were included.
Clinical evaluation was performed using the Harris hip score (HHS: worst 
score 0; best score 100)20 and the Oxford hip score (OHS: worst score 0; best score 
48),21 measured pre-operatively and at all subsequent examinations.
Visual analogue scales (VAS)22 were used for pain at rest and during physical 
activity on a scale from 0 (no pain) to 100 (unbearable pain), and a VAS score for 
satisfaction on a scale from 0 (not satisfied at all) to 100 (complete satisfaction). 
All these scores were determined during the post-operative follow-up.
Radiological review
Anteroposterior (AP) radiographs of all hips were evaluated at the final follow-up 
and compared with all earlier pre- and post-operative radiographs by two of the 
authors (MTS and BWS), who agreed a consensus opinion. Loss of bone stock was 
Method of reinforcement number (%)
Metal Meshes
None 120 57.7
Only proximal (calcar/major trochanter region) 63 30.3
Only distal cortical 10 4.8
Combination proximal and distal 11 5.3
Circumferential whole proximal femoral shaft 4 1.9
Cerclage wires
None* 100 48.1
1 to 3 63 30.3
4 to 6 34 16.3
> 7 11 5.3
Table I|
Reconstructive materials used.
* In three revisions old wires were already in situ
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determined on pre-operative radiographs and on the basis of the intra-operative 
findings and classified according to the Endoklinik system, as was described in 
the study by Gie et al.8 Bone loss was classified as grade 1 in 71 hips (34.1%), grade 
2 in 70 (33.7%), grade 3 in 54 (26%) and grade 4 in 13 (6.3%). We determined 
stem migration, graft incorporation a d the presence of radiolucent li s. To 
deter ine stem subsidence the method described by Fowler et al23 was used, and 
radioluce cies (complete radiolucent lines ≥ 2 mm in width) wer  scored using 
the classification system f Gruen, McN ice and A stutz.24 Signs of t rabecular 
incorporation were evaluated according to th criteria f Conn et al.25 
Radiographic failure was d fined as a circu f ren ial radiolucent line in all seven 
Gru n zo es on an AP view and/or a stem subsidence ≥ 5 mm.
Statistical analysis
Data analysis was carried out using SPSS version 20.0 softwar  (IBM Corp., 
Armonk, New York) and Graphpad Pris versi n 5.03 (Graphpad Software Inc., La 
J lla, California). We performed Kaplan-Meier survival analysis, including 
determ nation of 95% confidence i tervals (CI) for the following endpoints: 
femoral re-rev sion for any reason, femoral re-revision f r aseptic loosening, 
femoral re-operation for any reason, and stem b idence ≥ 5 mm. Lastly, we 
calculated a worst-case scenario, de ining re-revisi n, post-operative 
periprosth thic fracture, radiographic failure or loss to follow-up as a collective 
endpoint.
Comp risons of the survival of the indi idu l Endoklinik groups and the 
standard-length stems versus the long st ms were also performed for all these 
endp ints u in  the log rank est. A p-v lue < 0.05 was considered stat stically 
sig ificant.
ReSUlTS
Clinical
At the final review in December 2013, 130 patients with 135 reconstructions 
(64.9%) were alive and had a non-re-revised femoral component after a mean 
follow-up of 10.6 years (4.7 to 20.9). One patient (0.5%) was lost to follow-up 
approximately six years after the revision surgery and those data until this last 
follow-up were included. Two patients died in the immediate post-operative 
period (1%), one from an acute cerebrovascular accident 14 days post-operatively 
and the other 17 days post-operatively from multiple organ failure caused by an 
undiagnosed lymphoproliferative disorder.
Radiographic failure was d fined as a circumferential radiolucent line in all 
seven Gru n zones on an AP view a d/ r a stem subsidence ≥ 5 mm.
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The mean pre-operative HHS was 52 (19 to 95) (n = 73), which had improved 
to 80 (22 to 100) (n = 161) at the last follow-up. The mean pre-operative OHS was 
23 (9 to 42) (n = 39) and this improved to 37 (10 to 48) (n = 146). The mean VAS 
for satisfaction was 81 (0 to 100) (n = 150) at the last follow-up; the VAS for pain 
at rest was 10 (0 to 80) and during exercise was 19 (0 to 85) (both n = 149).
,ntra-operatiYe complications
A total of 12 femoral fractures occurred as a consequence of the revision surgery. 
Of these, nine intra-operative femoral fractures occurred during surgery and 
were recognised at the time. One femoral fracture occurred during the dislocation 
of the old hip prosthesis, three occurred during the removal of cement and two 
during the removal of an uncemented femoral component. In one hip during the 
impaction phase a pre-existing fissure extended into a fracture. 2ne fracture 
occurred during the insertion of the trial prosthesis, and one when the stability of 
the reconstructed hip was tested after reduction. All these fractures were treated 
with appropriate reconstructive techniques and materials (i.e. meshes and cerclage 
wires). In a further two patients a distal blow-out fracture of some bone graft and 
cement was identified on the first post-operative radiographs. These patients were 
successfully treated with a conservative treatment protocol of six weeks’ bed rest. 
A further patient (number 24 in Table III) sustained a dislocated, intra-operative, 
peri-prosthetic fracture that was unrecognised during the index revision. Three 
weeks after the index revision procedure the patient underwent further surgery 
and the fracture was stabilised with a metal mesh and cerclage wires.
)emoral re-operations and re-reYisions
In 33 patients a further femoral re-operation was performed (15.9%). In 13 of these 
the femoral component was re-revised (6.3%). The details of these 33 patients are 
listed in Table III.
3ost-operatiYe peri-prosthetic fracture
In 13 patients (6.3%) re-operation for a post-operative peri-prosthetic femoral 
fracture was performed (femoral re-revision for patient  and plate fixation for 
patients 12 to 23 in Table III). In two patients a fracture of the greater trochanter 
occurred following a fall. These were treated conservatively.
3ost-operatiYe infection
In 12 patients a femoral re-operation and/or re-revision was performed for deep 
infection (.) (patients  to 11 and  to 9 in Table ,,,) seven patients with 
first-time deep infection (3.) (patients  to 9 and  and 9), two who developed 
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a re-infection following a two-stage revision arthroplasty for previous infection 
(patients 25 and 27), one who developed an infection following an acetabular 
component re-revision (patient 10), one who developed an infection after repair 
of a nonunion of a greater trochanter fracture with a subsequent acetabular 
component re-revision (patient 11), and one who developed a haematogenous 
infection following a dental procedure (patient 26).
In four of these 12 post-operative infections a two-stage revision was 
performed and three others were converted to a permanent excision arthroplasty. 
,n the remaining five patients surgical debridement and antibiotic treatment of a 
well-fixed prosthesis was performed with retention of the prosthesis. Although 
these patients had good function at the final follow-up four have ongoing chronic 
peri-prosthetic infections.
Dislocation
Dislocations occurred in 12 patients (5.8%). Seven of these were treated 
conservativel\ and in five patients further surger\ was undertaNen: one patient was 
converted to a permanent excision arthroplasty, one had a femoral re-revision with 
the femoral component being cemented 1.5 cm higher, two acetabular components 
were re-revised, and in one patient a modular femoral head was exchanged.
Radiological outcome
Radiological follow-up was complete for 174 revisions (83.7%), but in the other 34 
patients some follow-up radiographs were missing (16.3%). Nevertheless, these 
patients were included in the analysis. Radiolucent lines were observed in  hips 
(0.):  patients had radiolucent lines in one *ruen ]one 1 in two ]ones 
and four patients in three or more ]ones (three three four and five ]ones 
respectively). In 22 of 43 hips these radiolucent lines were progressive. The two 
femoral components that were re-revised for aseptic loosening showed radiolucent 
lines in none and one zone only. A total of 12 hips showed evidence of osteolysis. 
,n seven hips (.) progressive osteol\sis was present and in five hips (.) 
it was non-progressive. A cyst was present in four hips (1.9%), all in zone 1. The 
mean subsidence of all femoral components was . mm (0 to ): 1 patients 
(10.1) had subsidence   mm. 7wo of these 1 hips with subsidence of  mm 
and 25 mm, respectively, underwent further revision arthroplasty. The remaining 
19 hips were still functional at the time of review or died without re-revision. In 
the patients who were not re-revised and had not died shortly after the femoral 
revision 1 of the total 1 *ruen ]ones could be scored for trabecular 
incorporation (92.6%), while 99 zones were obscured by metal meshes. Signs of 
trabecular incorporation were seen in 1163 of these 1245 zones (93.4%) at the 
latest follow-up. A radiological example is shown in Figure 1.
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InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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The mean pre-operative HHS was 52 (19 to 95) (n = 73), which had improved 
to 80 (22 to 100) (n = 161) at the last follow-up. The mean pre-operative OHS was 
23 (9 to 42) (n = 39) and this improved to 37 (10 to 48) (n = 146). The mean VAS 
for satisfaction was 81 (0 to 100) (n = 150) at the last follow-up; the VAS for pain 
at rest was 10 (0 to 80) and during exercise was 19 (0 to 85) (both n = 149).
Intra-operative complications
A total of 12 femoral fractures occurred as a consequence of the revision surgery. 
Of these, nine intra-operative femoral fractures occurred during surgery and 
were recognised at the time. One femoral fracture occurred during the dislocation 
of the old hip prosthesis, three occurred during the removal of cement and two 
during the removal of an uncemented femoral component. In one hip during the 
impaction phase a pre-existing fissure extended into a fracture. One fracture 
occurred during the insertion of the trial prosthesis, and one when the stability of 
the reconstructed hip was tested after reduction. All these fractures were treated 
with appropriate reconstructive techniques and materials (i.e. meshes and cerclage 
wires). In a further two patients a distal blow-out fracture of some bone graft and 
cement was identified on the first post-operative radiographs. 7hese patients were 
successfully treated with a conservative treatment protocol of six weeks’ bed rest. 
A further patient (number 24 in Table III) sustained a dislocated, intra-operative, 
peri-prosthetic fracture that was unrecognised during the index revision. Three 
weeks after the index revision procedure the patient underwent further surgery 
and the fracture was stabilised with a metal mesh and cerclage wires.
Femoral re-operations and re-revisions
In 33 patients a further femoral re-operation was performed (15.9%). In 13 of these 
the femoral component was re-revised (6.3%). The details of these 33 patients are 
listed in Table III.
Post-operative peri-prosthetic fracture
In 13 patients (6.3%) re-operation for a post-operative peri-prosthetic femoral 
fracture was performed (femoral re-revision for patient  and plate fixation for 
patients 12 to 23 in Table III). In two patients a fracture of the greater trochanter 
occurred following a fall. These were treated conservatively.
Post-operative infection
In 12 patients a femoral re-operation and/or re-revision was performed for deep 
infection (.) (patients  to 11 and  to  in 7able ,,,): seven patients with 
first-time deep infection (.) (patients  to  and  and ) two who developed 
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a re-infection following a two-stage revision arthroplasty for previous infection 
(patients 25 and 27), one who developed an infection following an acetabular 
component re- evision (patient 10), one who developed an inf ction after repair 
of a nonunion of a greater trochanter fracture with a subsequent aceta ular 
componen  r -revision (patient 11), and one who developed a haemat g n us 
infection foll wing a dental procedure (patient 26).
In four of thes  12 post-operative inf c ion a two-stage rev sion was 
performed and three others were converted to a per anent excision arthroplasty. 
In the remaining fiv  pat ents surgical debridement and antibiotic treatment of a 
well-fixed prosthesis was p rformed, with ret ion f the prosthesis. Although 
thes  patients ad good function at the final follow-up, four have ongoing chronic 
peri-prosthetic infections.
Dislocation
D slocations occurred in 12 pa ients (5.8%). Seven of hese were treated 
conservat vely and i  five pati nts further surgery was undertaken: o e patient was 
converted to a permanent exc sion arthroplasty, one had a f moral re- evision with 
the femoral component being cemented 1.5 cm higher, two acet bular components 
wer  re-revised, and in one patient a modula  femora  head was exchanged.
Radiological outc me
Radio ogical follow-up was complete for 174 revisions (83.7%), but in the other 34 
patients some follow-up radiographs were miss ng (16.3%). Never heless, these
patients were included i t  analysis. Radiolucent lines were observed in 43 hips
(20.7%): 25 pati nts had radiolucent lines i  one Gruen zon , 14 in two zones,
and four atients in three or more zones (three, th e, f ur and fiv  zones,
respec ively). In 22 of 43 hips these radiolucent lines were progressive. Th  two
femoral components that were re-revised for aseptic loosening showed radiolucent
lin s in none and one zon  only. A otal of 12 hips showed evidence of osteolysis. 
In seven hips (3.4%), progressive osteolysis was present and in five hips (2.4%) 
it was non-progressive. A cyst was present in four hips (1.9%), all in zone 1. The 
mean subsidence of all femoral components was 2.8 mm (0 to 55): 21 patients 
(10.1%) had subsidence ≥ 5 mm. Two of these 21 hips, with subsidence of 8 mm 
and 25 mm, respectively, underwent further revision arthroplasty. The remaining 
19 hips were still functional at the time of review or died without re-revision. In 
the patients who were not re-revised and had not died shortly after the femoral 
revision, 1245 of the total 1344 Gruen zones could be scored for trabecular 
incorporation (92.6%), while 99 zones were obscured by metal meshes. Signs of 
trabecular incorporation were seen in 1163 of these 1245 zones (93.4%) at the 
latest follow-up. A radiological example is shown in Figure 1.
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208 femoral revisions with impaction bone grafting
3
InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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Chapter 3
Survival analysis
Kaplan–Meier analysis showed that the survival rate of the femoral component, 
with re-revision for any reason as the endpoint, was 94.9% (95% CI 90.2 to 
97.4) (Fig. 2-A). At ten years for femoral re-revision for aseptic loosening the 
survivorship was 99.4% (95% CI 95.7 to 99.9) (Fig. 2-B) and for femoral re-
operation for any reason 84.5% (95% CI 78.3 to 89.1) (Fig. 2-C). With subsidence 
of the femoral component ≥ 5 mm as the endpoint the survivorship was 87.3% 
(95% CI 80.5 to 91.8) (Fig. 2-D) at ten years, and for the worst-case scenario the 
survival was 79.3% (95% CI 71.8 to 85.0) (Fig. 2-E). There were no significant 
differences between all these endpoints when we compared the survival of 
the individual Endoklinik groups using the log rank test. Also, no significant 
differences were detected between the standard sized stems and the longer stems 
for these endpoints. The survival of the 208 femoral revisions for different periods 
of follow-up is shown in Table IV.
figure 1
Radiographs of a man aged 73 years at the index femoral revision, which was already the third revision 
of the femoral component. Image shows A) before revision for aseptic loosening of the stem, showing 
extensive femoral bone stock loss, B) six weeks after revision with a 205 mm long stem to bypass the 
weak distal cortical bone; three morcellised fresh–frozen femoral heads were used; and C) 11 years after 
the index revision, 40 years after the primary total hip arthroplasty was undertaken. The stem is well fixed 
and the graft is incorporated. Some heterotopic ossification can be observed.
Fig. 1-A Fig. 1-B Fig. 1-C
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Fig. 2-A Fig. 2-B
Fig. 2-C
Fig. 2-E
figure 2
Graphs showing Kaplan–Meier survival curves with 95% confidence intervals shown for the endpoints A) 
femoral re-revision for any reason, B) femoral re-revision for aseptic loosening, C) femoral re-operation for 
any reason, D) stem subsidence of ≥ 5 mm and E) a worst-case scenario (defining re-revision, postoperative 
peri-prosthetic fracture, radiographic failure or loss to follow-up as a collective endpoint).
Fig. 2-D
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InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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Survival analysis
Kaplan–Meier analysis showed that the survival rate of the femoral component, 
with re-revision for any reason as the endpoint, was 94.9% (95% CI 90.2 to 
97.4) (Fig. 2-A). At ten years for femoral re-revision for aseptic loosening the 
survivorship was 99.4% (95% CI 95.7 to 99.9) (Fig. 2-B) and for femoral re-
operation for any reason 84.5% (95% CI 78.3 to 89.1) (Fig. 2-C). With subsidence 
of the femoral component   mm as the endpoint the survivorship was .3 
(95% CI 80.5 to 91.8) (Fig. 2-D) at ten years, and for the worst-case scenario the 
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differences between all these endpoints when we compared the survival of 
the individual Endoklinik groups using the log rank test. $lso, no significant 
differences were detected between the standard sized stems and the longer stems 
for these endpoints. The survival of the 208 femoral revisions for different periods 
of follow-up is shown in Table IV.
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Radiographs of a man aged 73 years at the index femoral revision, which was already the third revision 
of the femoral component. Image shows A) before revision for aseptic loosening of the stem, showing 
extensive femoral bone stock loss, B) six weeks after revision with a 205 mm long stem to bypass the 
weak distal cortical bone; three morcellised fresh–frozen femoral heads were used; and C) 11 years after 
the index revision, 40 years after the primary total hip arthroplasty was undertaken. The stem is well fixed 
and the graft is incorporated. Some heterotopic ossification can be observed.
Fig. 1-A Fig. 1-B Fig. 1-C
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Fig. 2-A Fig. 2-B
Fig. 2-C
Fig. 2-E
figure 2
Graphs showing Kaplan–Meier survival curves with 95% confidence intervals shown for the endpoints A) 
femoral re-revision for any reason, B) femoral re-revision for aseptic loosening, C) femoral re-operation for 
any reason, D) stem subsidence of ≥ 5 mm and E) a worst-case scenario (defining re-revision, postoperative 
peri-prosthetic fracture, radiographic failure or loss to follow-up as a collective endpoint).
Fig. 2-D
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Chapter 3
DISCUSSIon
This study has shown that good long-term results can be obtained in revision 
arthroplasty using a cemented polished Exeter femoral component combined with 
impaction bone allografting. The mean pre-operative HHS was 52 (19 to 95), 
improving to 80 (22 to 100) by the final follow-up, and the ten-year survival rate 
with the endpoint of re-revision for any reason was 95% (95% CI 90.2 to 97.4); with 
the endpoint of further femoral surgery regardless of cause the rate was 85% (95% 
CI 78.3 to 89.1). In our opinion, the key factor in revision surgery is adequately 
management of the defects in bone stock. Impaction bone allografting is an 
attractive biological method of reconstruction, as it can restore such bone loss.1,2
In other series10-16 the reported survival rates of femoral impaction bone 
allografting, with re-revision for any reason as the endpoint, are generally > 90%, 
with mean follow-up ranging from 6.7 to 12.8 years (Table V). Ornstein et al10 
reported an excellent 15-year survival rate of 94% in a series of 1305 revisions 
identified from the Swedish registry: in all 70 re-revisions were performed during 
the follow-up period in that series. However, there was no analysis of clinical 
scores or radiographs in that study, so potential failures or early radiographic 
signs could have been overlooked. The post-operative complication rates in our 
patients are similar to those in the literature (Table V). Additionally to these 
clinical series, Gehkre et al26 published a short overview article on this valuable 
femoral revision technique.
5 yrs 10 yrs 15 yrs 20 yrs
Survival 
(95% CI)
n Survival 
(95% CI)
n Survival 
(95% CI)
n Survival 
(95% CI)
n
Re-revision for any 
reason (Failures = 13)
97.0 
(93.5 to 98.6)
175 94.9 
(90.2 to 97.4)
94 88.0 
(78.3 to 93.5)
25 88.0
(78.3 to 93.5)
3
Re-revision for aseptic 
loosening (Failures = 2)
100 175 99.4
(95.7 to 99.9)
94 97.9 
(90.9 to 99.5)
25 97.9 
(90.9 to 99.5)
3
Re-operation any reason 
(Failures = 33)
88.2
(82.9 to 91.9)
158 84.5 
(78.3 to 89.1)
82 78.6 
(69.8 to 85.1)
21 78.6 
(69.8 to 85.1)
3
Subsidence ≥ 5 mm 
(Failures = 21)
93.4
(88.9 to 96.1)
143 87.3 
(80.5 to 91.8)
68 85.0 
(76.4 to 90.7)
17 85.0 
(76.4 to 90.7)
2
Worst case scenario*
(Failures = 40)
86.4 
(80.8 to 90.5)
137 79.3 
(71.8 to 85.0)
66 67.5 
(54.1 to 77.8)
16 67.5 
(54.1 to 77.8)
2
Table IV
Probability of survival of the 208 femoral revisions for different periods of follow-up and endpoints.
*Worst case scenario with re-revision, post-operative peri-prosthetic fracture, radiological failure or loss 
to follow-up as a collective endpoint
CI, confidence interval; n, number of patients at risk
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208 femoral revisions with impaction bone grafting
3
InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
46
Chapter 3
DISCUSSIon
This study has shown that good long-term results can be obtained in revision 
arthroplasty using a cemented polished Exeter femoral component combined with 
impaction bone allografting. The mean pre-operative HHS was 52 (19 to 95), 
improving to  ( to 1) by the final follow-up, and the ten-year survival rate 
with the endpoint of re-revision for any reason was 95% (95% CI 90.2 to 97.4); with 
the endpoint of further femoral surgery regardless of cause the rate was 85% (95% 
CI 78.3 to 89.1). In our opinion, the key factor in revision surgery is adequately 
management of the defects in bone stock. Impaction bone allografting is an 
attractive biological method of reconstruction, as it can restore such bone loss.1,2
In other series10-16 the reported survival rates of femoral impaction bone 
allografting, with re-revision for any reason as the endpoint, are generally > 90%, 
with mean follow-up ranging from 6.7 to 12.8 years (Table V). Ornstein et al10 
reported an excellent 15-year survival rate of 94% in a series of 1305 revisions 
identified from the Swedish registry in all  re-revisions were performed during 
the follow-up period in that series. However, there was no analysis of clinical 
scores or radiographs in that study, so potential failures or early radiographic 
signs could have been overlooked. The post-operative complication rates in our 
patients are similar to those in the literature (Table V). Additionally to these 
clinical series, *ehkre et al26 published a short overview article on this valuable 
femoral revision technique.
5 yrs 10 yrs 15 yrs 20 yrs
Survival 
(95% CI)
n Survival 
(95% CI)
n Survival 
(95% CI)
n Survival 
(95% CI)
n
Re-revision for any 
reason (Failures = 13)
97.0 
(93.5 to 98.6)
175 94.9 
(90.2 to 97.4)
94 88.0 
(78.3 to 93.5)
25 88.0
(78.3 to 93.5)
3
Re-revision for aseptic 
loosening (Failures = 2)
100 175 99.4
(95.7 to 99.9)
94 97.9 
(90.9 to 99.5)
25 97.9 
(90.9 to 99.5)
3
Re-operation any reason 
(Failures = 33)
88.2
(82.9 to 91.9)
158 84.5 
(78.3 to 89.1)
82 78.6 
(69.8 to 85.1)
21 78.6 
(69.8 to 85.1)
3
Subsidence ≥ 5 mm 
(Failures = 21)
93.4
(88.9 to 96.1)
143 87.3 
(80.5 to 91.8)
68 85.0 
(76.4 to 90.7)
17 85.0 
(76.4 to 90.7)
2
Worst case scenario*
(Failures = 40)
86.4 
(80.8 to 90.5)
137 79.3 
(71.8 to 85.0)
66 67.5 
(54.1 to 77.8)
16 67.5 
(54.1 to 77.8)
2
Table IV
Probability of survival of the 208 femoral revisions for different periods of follow-up and endpoints.
*Worst case scenario with re-revision, post-operative peri-prosthetic fracture, radiological failure or loss 
to follow-up as a collective endpoint
CI, confidence interval; n, number of patients at risk
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Chapter 3
We believe the detail of our prospective follow-up data and the loss of only one 
patient (0.5%) to follow-up is a major strength of our study. Our study population 
was not as large as that of Lamberton et al11 (540 hips in 447 patients), but we 
believe that the 208 revisions in our study help validate this revision technique 
and support the conclusions of other groups. We also had a longer mean follow-up 
than Lamberton et al (10.6 vs 6.7 years).
A limitation of our study was the difficulty of evaluating trabecular 
incorporation and cortical remodelling in a number of Gruen zones owing to the 
use of reconstruction meshes, which obscure radiographic visualisation of the 
underlying bone. Unfortunately, data collection was incomplete, with a low rate 
of pre-operative scoring and incomplete follow-up data. The early revisions were 
performed at a time when our clinical protocols were still being developed. In 
addition, radiographic analysis was incomplete in 34 hips (16.3%).
Although we could not detect any significant differences between the outcomes 
for individual Endoklinik groups in our study, we agree with Garcia-Cimbrelo et 
al12 that major bone defects may affect the clinical outcome. They reported on 
81 hip revision procedures and compared the survival rates for the individual 
Endoklinik groups. The survival rate for the endpoint of ‘re-operation for any 
cause’ was 100% for grade 2, 81.2% for type 3 and 70.8% for type 4 after a mean 
follow-up of 10.4 years. Femoral impaction bone grafting with the X-Change 
Revision System is a technically demanding surgical technique, particularly in 
severely damaged femora (Endoklinik grades 3 and 4). Before attempting this 
technique in cases with more severe bone loss, experience with Endoklinik cases 
grades 1 and 2 is recommended for inexperienced surgeons.
Patient compliance in the post-operative period is also essential for a successful 
outcome using the femoral impaction allograft bone grafting technique. We 
believe that for good incorporation of the graft with the host bone a period of 
partial weight-bearing is necessary, and the patient must be able to comply both 
physically and mentally. Even though our post-operative protocol has allowed 
earlier weight-bearing over the years, owing to increased experience with the 
technique, the prolonged restricted weight-bearing rehabilitation process can be 
quite challenging for some patients.
Some promising new treatment options for femoral revision arthroplasty with 
impaction allograft bone grafting have been published in recent years. Two studies 
performed by Nickelsen et al27 and Wimmer et al28 reported promising mid-term 
results of femoral revision using impacted morcellised allografts combined with 
an uncemented stem after a mean follow-up of respectively 4.6 and 4.4 years, 
and Masterson, Lidder and Scott29 found comparable survival outcomes between 
an uncemented and a cemented femoral impaction grafting revision arthroplasty 
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technique after a mean follow-up of 9.8 years for the uncemented and 6.2 years 
for the cemented group. Oshima et al30 showed that the use of allografts combined 
with hydroxyapatite particles also can provide satisfying results in femoral 
impaction allograft bone grafting revisions.
Also without the use of impaction allograft bone grafting, uncemented 
modular31 and non-modular32 titanium revision stems can be a valuable treatment 
option in femoral revision total hip arthroplasty surgery. However, when using 
these components, the bone stock loss is not replenished.
In conclusion, the long-term survival of the femoral component in revision 
arthroplasty performed with impaction allograft bone grafting, the X-Change 
)emoral 5evision System and a cemented polished Exeter femoral component 
was satisfactory at a mean follow-up of more than ten years. The use of impaction 
bone allografting is a valuable technique that allows the restoration of femoral 
bone stock.
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InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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We believe the detail of our prospective follow-up data and the loss of only one 
patient (0.5%) to follow-up is a major strength of our study. Our study population 
was not as large as that of Lamberton et al11 (540 hips in 447 patients), but we 
believe that the 208 revisions in our study help validate this revision technique 
and support the conclusions of other groups. We also had a longer mean follow-up 
than Lamberton et al (10.6 vs 6.7 years).
$ limitation of our study was the difficulty of evaluating trabecular 
incorporation and cortical remodelling in a number of *ruen ]ones owing to the 
use of reconstruction meshes, which obscure radiographic visualisation of the 
underlying bone. Unfortunately, data collection was incomplete, with a low rate 
of pre-operative scoring and incomplete follow-up data. The early revisions were 
performed at a time when our clinical protocols were still being developed. In 
addition, radiographic analysis was incomplete in 34 hips (16.3%).
$lthough we could not detect any significant differences between the outcomes 
for individual Endoklinik groups in our study, we agree with *arcia-&imbrelo et 
al12 that major bone defects may affect the clinical outcome. They reported on 
81 hip revision procedures and compared the survival rates for the individual 
Endoklinik groups. The survival rate for the endpoint of µre-operation for any 
cause’ was 100% for grade 2, 81.2% for type 3 and 70.8% for type 4 after a mean 
follow-up of 10.4 years. Femoral impaction bone grafting with the X-Change 
Revision System is a technically demanding surgical technique, particularly in 
severely damaged femora (Endoklinik grades 3 and ). %efore attempting this 
techniTue in cases with more severe bone loss, experience with Endoklinik cases 
grades 1 and 2 is recommended for inexperienced surgeons.
Patient compliance in the post-operative period is also essential for a successful 
outcome using the femoral impaction allograft bone grafting technique. We 
believe that for good incorporation of the graft with the host bone a period of 
partial weight-bearing is necessary, and the patient must be able to comply both 
physically and mentally. Even though our post-operative protocol has allowed 
earlier weight-bearing over the years, owing to increased experience with the 
technique, the prolonged restricted weight-bearing rehabilitation process can be 
quite challenging for some patients.
Some promising new treatment options for femoral revision arthroplasty with 
impaction allograft bone grafting have been published in recent years. Two studies 
performed by Nickelsen et al27 and Wimmer et al28 reported promising mid-term 
results of femoral revision using impacted morcellised allografts combined with 
an uncemented stem after a mean follow-up of respectively 4.6 and 4.4 years, 
and Masterson, Lidder and Scott29 found comparable survival outcomes between 
an uncemented and a cemented femoral impaction grafting revision arthroplasty 
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technique after a mean follow-up of 9.8 years for the uncemented and 6.2 years 
for the cemented group. Oshima et al30 showed that the use of allografts combined 
with hydroxyapatite particles also can provide satisfying results in f moral 
impaction allograft b ne grafting revisions.
Also without the use of impaction allograft bone grafting, uncemented 
modular31 and non-modular32 titanium revisi n stems can be a valuable treatmen  
option in femoral r vision total hip arthroplas y surg ry. Howev r, when using 
these component  the bone stock l ss is not replenished.
In conclusion, the long-term survival of the f r l in revision 
arthroplasty performed with impaction allograft bone grafting, the X-Change 
)emoral 5evision S\stem and a cemented polished (x er femoral component 
was satisfactory at a mean follow-up of more than ten years. The use of impactio  
bone allogra ting is a valuable t chnique that al ows the restoration of femoral 
bone stock.
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
50
Chapter 3
RefeRenCeS 
1. HeeNin R', (ngh CA, Vinh T. Morselized allograft in acetabular reconstruction. A postmortem retrieval 
analysis. Clin Orthop Relat Res 1995;319:184–190.
2. Van der 'onN S, Buma 3, Slooff TJ, Gardeniers JW, Schreurs BW. Incorporation of morselized bone 
grafts: a study of 24 acetabular biopsy specimens. Clin Orthop Relat Res 2002;396:131–141.
3. Slooff TJ, huiskes R, van horn J, lemmens AJ. Bone grafting in total hip replacement for acetabular 
protrusion. Acta Orthop Scand 1984;55:593–596.
4. Schreurs BW, .eurentjes JC, Gardeniers JW, Verdonschot N, Slooff TJ, Veth R3. Acetabular revision 
with impacted morsellised cancellous bone grafting and a cemented acetabular component: a 20- to 25-year 
follow-up. J Bone Joint Surg [Br] 2009;91:1148–1153.
5. Schreurs BW, HuisNes R, Slooff TJJH. The initial stability of cemented and noncemented femoral stems 
fixated with a bone grafting technique. Clin Mater 1994;16:105–110.
6. Schreurs BW, Buma 3, HuisNes R, Slagter J/, Slooff TJ. Morsellized allografts for fixation of the hip 
prosthesis femoral component. A mechanical and histological study in the goat. Acta Orthop Scand 
1994;65:267–275. 
7. Schreurs BW, HuisNes R, Buma 3, Slooff TJ. Biomechanical and histological evaluation of a hydroxyapatite-
coated titanium femoral stem fixed with an intramedullary morsellized bone grafting technique: an animal 
experiment on goats. Biomaterials 1996;17:1177–1186.
8. Gie GA, linder l, ling RS, Simon Jp, Slooff TJ, Timperley AJ. Impacted cancellous allografts and 
cement for revision total hip arthroplasty. J Bone Joint Surg [Br] 1993;75:14–21.
9. Te Stroet MA, Gardeniers JW, Verdonschot N, Rijnen WH, Slooff TJ, Schreurs BW. Femoral component 
revision with use of impaction bone grafting and a cemented polished stem: a concise follow- up, at fifteen 
to twenty years, of a previous report. J Bone Joint Surg [Am] 2012;94:e1731–1734.
10. ornstein e, linder l, Ranstam J, lewold S, eisler T, Torper M. Femoral impaction bone grafting with the 
Exeter stem - the Swedish experience: survivorship analysis of 1305 revisions performed between 1989 and 
2002. J Bone Joint Surg [Br] 2009;91:441–446.
11. /amberton T', .enn\ 3J, Whitehouse S/, Timperle\ AJ, Gie GA. Femoral impaction grafting in revision 
total hip arthroplasty: a follow-up of 540 hips. J Arthroplasty 2011;26:1154–1160.
12. Garcia-Cimbrelo (, Garcia-Re\ (, Cru]-3ardos A. The extent of the bone defect affects the outcome of 
femoral reconstruction in revision surgery with impacted bone grafting: a five- to 17-year follow-up study. J 
Bone Joint Surg [Br] 2011;93:1457–1464.
13. Garvin Kl, Konigsberg BS, ommen nD, lyden eR. What is the long-term survival of impaction allografting 
of the femur? Clin Orthop Relat Res 2013;471:3901–3911.
14. Wraighte 3J, Howard 3W. Femoral impaction bone allografting with an Exeter cemented collarless, 
polished, tapered stem in revision hip replacement: a mean follow- up of 10.5 years. J Bone Joint Surg [Br] 
2008;90:1000–1004.
15. Sierra RJ, Charity J, Tsiridis e, Timperley JA, Gie GA. The use of long cemented stems for femoral 
impaction grafting in revision total hip arthroplasty. J Bone Joint Surg [Am] 2008;90:1330–1336.
16. Ten HaYe B/, Brouwer RW, Yan Bie]en )C, Verhaar JA. Femoral revision surgery with impaction bone 
grafting: 31 hips followed prospectively for ten to 15 years. J Bone Joint Surg [Br] 2012;94:615–618.
17. Schreurs BW, Arts JJ, Verdonschot N, Buma 3, Slooff TJ, Gardeniers JW. Femoral component revision 
with use of impaction bone-grafting and a cemented polished stem. Surgical technique. J Bone Joint Surg 
[Am] 2006;88 (Suppl 1 Pt 2):259–274.
18. Te Stroet MA, Bronsema (, Rijnen WH, Gardeniers JW, Schreurs BW. The use of a long stem cemented 
femoral component in revision total hip replacement: a follow-up study of five to 16 years. Bone Joint J 
2014;96:1207–1213.
19. Wagner M, Wagner H. The transfemoral approach for revision of total hip replacement. Orthop Traumatol 
1999;7:260–276.
20. Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold 
arthroplasty. An end-result study using a new method of result evaluation. J Bone Joint Surg [Am] 
1969;51:737–755.
51
208 femoral revisions with impaction bone grafting
3
21. Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr AJ, Dawson J. The use of the Oxford hip 
and knee scores. J Bone Joint Surg [Br] 2007;89:1010–1014.
22. Brokelman RB, Haverkamp D, van Loon C, Hol A, van Kampen A, Veth R. The validation of the visual 
analogue scale for patient satisfaction after total hip arthroplasty. Eur Orthop Traumatol 2012;3:101–105.
23. fowler Jl, Gie GA, lee AJ, ling RS. Experience with the Exeter total hip replacement since 1970. Orthop 
Clin North Am 1988;19:477-489. Erratum in: Orthop Clin North Am 1989;20:preceding 519.
24. Gruen TA, Mcneice GM, Amstutz hC. “Modes of failure” of cemented stem-type femoral components: a 
radiographic analysis of loosening. Clin Orthop Relat Res 1979;141:17–27.
25. Conn RA, peterson lfA, Stauffer Rn, Ilstrup D. Management of acetabular deficiency: long–term results 
of bone grafting in the acetabulum in total hip arthroplasty. Trans Orthop Res Soc 1985;9:451–452.
26. Gehrke T, Gebauer M, Kendoff D. Femoral stem impaction grafting: extending the role of cement. Bone 
Joint J 2013;95:92–94.
27. nickelsen Tn, erenbjerg M, Retpen JB, Solgaard S. Femoral revision with impaction allografting and an 
uncemented femoral component. Hip Int 2008;18:278–285.
28. Wimmer MD, Randau TM, Deml MC, Ascherl R, Nöth U, Forst R, Gravius N, Wirtz D, Gravius S. 
Impaction grafting in the femur in cementless modular revision total hip arthroplasty: a descriptive outcome 
analysis of 243 cases with the MRP-TITAN revision implant. BMC Musculoskelet Disord 2013;14:19.
29. Masterson S, lidder S, Scott G. Impaction femoral allografting at revision hip arthroplasty: uncemented 
versus cemented technique using a Freeman femoral component. J Bone Joint Surg [Br] 2012;94:51–55.
30. oshima S, Yasunaga Y, Yamasaki T, Yoshida T, hori J, ochi h. Midterm results of femoral impaction 
bone grafting with an allograft combined with hydroxyapatite in revision total hip arthroplasty. J Arthroplasty 
2012;27:470–476.
31. fink B, Urbansky K, Schuster p. Mid term results with the curved modular tapered, fluted titanium Revitan 
stem in revision hip replacement. Bone Joint J 2014;96:889–895.
32. Konan S, Garbuz DS, Masri BA, Duncan Cp. Non-modular tapered fluted titanium stems in hip revision 
surgery: Gaining Attention. Bone Joint J 2014;96 (Suppl A):56–59.
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
35
208 femoral revisions with impaction bone grafting
3
InTRoDUCTIon 
Loss of femoral and acetabular bone stock is a major consequence of loosening in 
failed total hip arthroplasty (THA). Impaction bone grafting using allograft bone is 
an attractive biological method of reconstruction, as it can address this bone loss.1,2
Impaction grafting with allograft bone for the acetabulum in combination with 
insertion of a cemented acetabular component has been performed since 1979,3,4 
and in the 1980s, based on the favourable short-term results of that procedure, we 
began to use this technique on a small scale for femoral component revisions. At 
the same time we performed animal experiments to optimise the technique before 
attempting the large-scale clinical introduction of this method.5-7
The Exeter group was the first to use clinically the impaction bone grafting 
method for femoral component revision on a regular basis, using oversized femoral 
stems to impact the allograft bone. From this early experience they noted a high 
incidence of varus malalignment of the femoral components.8 As a consequence 
of this initial clinical experience, in 1991 the Exeter group and our unit, in 
association with Howmedica International (now named Stryker Howmedica, 
Newbury, United Kingdom), developed the X-change Femoral Revision System.
We have previously reported9 the long-term results for our first 33 consecutive 
patients for whom this procedure was performed, with a follow-up of 15 to 20 
years. Meanwhile, other centres from all over the world have published promising 
results using the same technique.10-16
The aim of this study was to further validate this revision technique by 
reporting outcomes in the largest patient group to reach ten years’ survival 
following surgery. We report the clinical and radiographic results, survival rate 
and complication rate of all 208 consecutive femoral revisions performed at our 
institution between March 1991 and December 2007 using the instrumented 
X-Change Femoral Revision System, fresh-frozen morcellised allograft and a 
cemented polished Exeter stem (Stryker).
pATIenTS AnD MeThoDS
This historical, prospective cohort study was approved by our institutional review 
board. 
Between 1991 and 2007, 208 consecutive femoral impaction bone grafting 
revision arthroplasties were performed in 202 patients (119 women, 83 men) with 
a mean age of 65 years (30 to 86). The mean height of the patients at the time of 
surgery was 170 cm (148 to 196), their mean weight was 76 kg (51 to 129) and their 
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Chapter 4
ABSTRACT
Introduction
Despite improvements in the technique of femoral impaction bone grafting, 
reconstruction failures still can occur. Therefore, the aim of our study was to 
determine risk factors for the endpoint re-revision for any reason.
Methods
We used prospectively collected demographic, clinical and surgical data of all 
202 patients who underwent 208 femoral revisions using the X-change Femoral 
Revision System (Stryker-Howmedica), fresh-frozen morcellised allograft and a 
cemented polished Exeter stem in our department from 1991 to 2007. Univariable 
and multivariable Cox regression analyses were performed to identify potential 
factors associated with re-revision.
Results
The mean follow-up was 10.6 (5-21) years. The cumulative re-revision rate was 6.3% 
(13/208). After univariable selection, sex, age, body mass index (BMI), American 
Association of Anesthesiologists (ASA) classification, type of removed femoral 
component, and mesh used for reconstruction were included in multivariable 
regression analysis. In the multivariable analysis, BMI was the only factor that was 
significantly associated with the risk of re-revision after bone impaction grafting 
(BMI ≥30 vs. BMI <30, HR = 6.54 [95% CI 1.89-22.65]; p = 0.003).
Conclusions
BMI was the only factor associated with the risk of re-revision for any reason. 
Besides BMI also other factors, such as Endoklinik score and the type of removed 
femoral component, can provide guidance in the process of preclinical decision 
making. With the knowledge obtained from this study, preoperative patient 
selection, informed consent, and treatment protocols can be better adjusted to the 
individual patient who needs to undergo a femoral revision with impaction bone 
grafting.
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, $merican $ssociation 
of $nesthesiologists ($S$) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-+owmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. 2ur policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, American Association 
of Anesthesiologists (ASA) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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ABSTRACT
Introduction
Despite improvements in the technique of femoral impaction bone grafting, 
reconstruction failures still can occur. Therefore, the aim of our study was to 
determine risk factors for the endpoint re-revision for any reason.
Methods
We used prospectively collected demographic, clinical and surgical data of all 
202 patients who underwent 208 femoral revisions using the X-change Femoral 
Revision System (Stryker-Howmedica), fresh-frozen morcellised allograft and a 
cemented polished Exeter stem in our department from 1991 to . 8nivariable 
and multivariable Cox regression analyses were performed to identify potential 
factors associated with re-revision.
Results
The mean follow-up was 10.6 (5-21) years. The cumulative re-revision rate was 6.3% 
(13/208). After univariable selection, sex, age, body mass index (BMI), American 
$ssociation of $nesthesiologists ($S$) classification, type of removed femoral 
component, and mesh used for reconstruction were included in multivariable 
regression analysis. In the multivariable analysis, BMI was the only factor that was 
significantly associated with the risk of re-revision after bone impaction grafting 
(%0, 3 vs. %0, 3, +5   . >9 &, 1.9-.@ p   .3).
Conclusions
BMI was the only factor associated with the risk of re-revision for any reason. 
%esides %0, also other factors, such as Endoklinik score and the type of removed 
femoral component, can provide guidance in the process of preclinical decision 
making. With the knowledge obtained from this study, preoperative patient 
selection, informed consent, and treatment protocols can be better adjusted to the 
individual patient who needs to undergo a femoral revision with impaction bone 
grafting.
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic lo sening, ranging from 98% to 10 % 
after a mean follow-up of betwe n 7 and 17 years.1-7
Nevertheles , despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 19 1) and longer stems to 
bypas  weak cortical areas,8,9 re-revisions for any reason still oc ur with survival 
ranging from 93% to 96%.1,5-7 These results are quite ac eptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for e-revision.
The only study that reported on factors as ociated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of ailure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik clas ification, American As ociation 
of Anesthesiologists (ASA) clas ification and the type of the removed femoral 
component were mis ing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for e-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our ationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department betwe n March 19 1 and December 20 7. This tudy is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock los  with this technique, and we 
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used the X-change femoral instrumented revision system (Stryker-Howmedica) 
in all hips.
In patients who need to undergo a femoral revision without bone stock defects 
and have an intact cement mantle below the lesser trochanter, we generally choose 
to perform a cement-in-cement revision.10 In femoral revisions without bone stock 
loss, or in patients with bone stock loss and a weak physical condition and/or very 
old age, we generally choose to perform a cemented revision with a polished stem 
without bone impaction grafting. These patients were excluded from the current 
study. 
Characteristics of study cohort
Between March 1991 and December 2007, 202 patients (119 female [57%]) 
underwent 208 consecutive femoral revisions using bone impaction grafting and 
Variable Total 
(n=208)
Sex
     Female
     Male
122 (59%)
86 (41%)
Age  (range) 65 (30 to 86)
BMI, kg/m2 (SD) 26.5 (3.9)
BMI category, kg/m2
     < 30.00
     ≥ 30.00
175 (84%)
33 (16%)
ASA classification
     1
     2
     3
68 (33%)
101 (48%)
39 (19%)
Indication femoral revision
     Aseptic loosening
     Septic loosening
     Other*
154 (74%)
36 (17%)
18 (9%)
Type femoral revision
     Total hip arthroplasty
     Only femoral component
     Conversion hemi-arthroplasty
155 (75%)
37 (18%)
16 (8%)
Preoperative Endoklinik score
     1
     2
     3
     4
71 (34%)
70 (34%)
54 (26%)
13 (6%)
Pre- or intraoperative femoral fracture# or cortex deficiency
     No
     Yes
150 (72%)
58 (28%)
Table I
Demographic features of the study cohort.
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a cemented polished stem. Mean age at time of operation was 65 (30-86) years. 
1 patient was lost to follow-up after 6 years (0.5%). At review in December 2013, 
135 patients (64.9%) were alive and had a non re-revised femoral component after 
a mean follow-up of 10.6 (5-21) years. All other demographic features are stated 
in Table I.
Surgical technique
The surgical technique has been previously described in detail.11 In short, after 
removal of the old stem, the femoral shaft is cleaned and reamed (Fig. 1-A). If 
needed, segmental defects are reconstructed with metal wire meshes. Also 
reconstruction of the calcar region is often necessary (Fig. 1-B). A femoral plug 
with a guide wire attached is then inserted in the femoral shaft at least 4-5 cm below 
the most distal defect. Over this guide wire, a phantom implant is used to impact the 
n = number of patients; SD = standard deviation; BMI = body mass index; ASA = American Society of 
Anesthesiologists
*6 pain, 4 aseptic loosening combined with a pre-operative femoral fracture, 2 malpositioning of the femoral 
component, 2 protrusio acetabuli of the head of a hemiarthroplasty, 1 fractured femoral component, 1 
dislocation, 1 trauma, 1 damaged femoral head of a monoblock stem during acetabular revision.
# 12 intraoperative fractures occurred during several phases of the surgical procedure.
@ 21 full length Wagner osteotomies, 10 distal cortical windows to remove the distal cement, plug or the 
distal part of a broken stem and 1 transtrochanteric osteotomy.
Number of earlier surgeries on affected hip
     1-2
     3-4
     5 or more
127 (61%)
63 (30%)
18 (9%)
Earlier femoral component revision
     No
     Yes
137 (66%)
71 (34%)
Removed femoral component
     Uncemented
     Cemented
45 (22%)
163 (78%)
Femoral component used
     Standard length stem
     Long stem (>205mm)
185 (89%)
23 (11%)
Mesh used
     No
     Yes
120 (58%)
88 (42%)
Femoral osteotomy@ performed
     No
     Yes
176 (85%)
32 (15%)
Cerclage wires used
     No
     Yes
100 (48%)
108 (52%)
Table I, continued
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, American Association 
of Anesthesiologists (ASA) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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used the X-change femoral instrumented revision system (Stryker-Howmedica) 
in all hips.
In patients who need to undergo a femoral revision without bone stock defects 
and have an intact cement mantle below the lesser trochanter, we generally choose 
to perform a cement-in-cement revision.10 In femoral revisions without bone stock 
loss, or in patients with bone stock loss and a weak physical condition and/or very 
old age, we generally choose to perform a cemented revision with a polished stem 
without bone impaction grafting. These patients were excluded from the current 
study. 
Characteristics of study cohort
Between March 1991 and December 2007, 202 patients (119 female [57%]) 
underwent 208 consecutive femoral revisions using bone impaction grafting and 
Variable Total 
(n=208)
Sex
     Female
     Male
122 (59%)
86 (41%)
Age  (range) 65 (30 to 86)
BMI, kg/m2 (SD) 26.5 (3.9)
BMI category, kg/m2
     < 30.00
     ≥ 30.00
175 (84%)
33 (16%)
ASA classification
     1
     2
     3
68 (33%)
101 (48%)
39 (19%)
Indication femoral revision
     Aseptic loosening
     Septic loosening
     Other*
154 (74%)
36 (17%)
18 (9%)
Type femoral revision
     Total hip arthroplasty
     Only femoral component
     Conversion hemi-arthroplasty
155 (75%)
37 (18%)
16 (8%)
Preoperative Endoklinik score
     1
     2
     3
     4
71 (34%)
70 (34%)
54 (26%)
13 (6%)
Pre- or intraoperative femoral fracture# or cortex deficiency
     No
     Yes
150 (72%)
58 (28%)
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a cemented polished stem. Mean age at time of operation was 65 (30-86) years. 
1 patient was lost to follow-up after 6 years (0.5%). At review in December 2013, 
135 patients (64.9%) wer alive and h d a n n re-revised femoral component after 
a mean f llow-up of 10.6 (5-21) years. All ot er demographic features are stated 
in Table I.
Surgical chnique
The surgical techniqu  has been previous y d scribed in detail.11 In short, after 
removal of the o d stem, the femoral shaft is cleaned and reamed (Fig. 1-A). If 
needed, segm ntal defec s are reconstructed with m tal wire meshes. Also 
reconstruction of the calcar region is often necessary (Fig. -B). A femoral plug 
with  guid  wire attached i  then inserted in the femor l shaf  at least 4-5 cm below 
the most distal defect. Over this guide wire, a phantom implant is used to impact the 
n = number of patients; SD = standard deviation; BMI = body mass index; ASA = American Society of 
Anesthesiologists
*6 pain, 4 aseptic loosening combined with a pre-operative femoral fracture, 2 malpositioning of the femoral 
component, 2 protrusio acetabuli of the head of a hemiarthroplasty, 1 fractured femoral component, 1 
disloc tion, 1 trauma, 1 damaged femoral head of a monoblock stem during acetabular revision.
# 12 intraoperative fractures occurred during several phases of the surgical procedure.
@ 21 full length Wagner osteotomies, 10 distal cortical windows to remove the distal cement, plug or the 
distal part f a broken stem and 1 transtrochanteric osteotomy.
Number of earlier surgeries on affe ted hip
     1-2
     3-4
     5 or more
127 (61%)
63 (30%)
18 (9%)
Earlier femoral component revision
     No
     Yes
137 (66%)
71 (34%)
Removed femoral component
     Uncemented
     Cemented
45 (22%)
163 (78%)
Femoral component used
     Standard length stem
     Long stem (>205mm)
185 (89%)
23 (11%)
Me h used
     No
     Yes
120 (58%)
88 (42%)
Femoral osteotomy@ performed
     No
     Yes
176 (85%)
32 (15%)
Cerclage wires used
     No
     Yes
100 (48%)
108 (52%)
Table I, continued
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morcellised bone grafts with a diameter of 2-5 mm in the femoral shaft (Fig. 1-C). 
For the proximal part of the femur, larger morcellised grafts with a diameter of 6-8 
mm can be used and these are solidly impacted around the phantom with special 
small impactor creating rotational stability of the final implant. Cement is injected 
retrograde using a syringe with a narrow nozzle that allows reaching the distal 
grafted area without damaging the graft reconstruction. Finally the femoral implant 
can be inserted and cemented into the newly reconstructed femur (Fig. 1-D).
Follow-up protocol
A standard postoperative follow-up protocol was used, with physical and 
radiographic examination after 6 weeks, 3 months, 6 months, 1 year and afterwards 
on an biennially basis. The time period between 1991 and 2007 was chosen to 
collect a sufficient enough sample of patients, and to provide a minimum follow-
figure 1 
A) After removal of the old stem, the femoral shaft is cleaned and reamed. 
B) If needed, segmental defects are reconstructed with metal wire meshes. Also reconstruction of the
calcar region is often necessary. 
C) A femoral plug with a guide wire attached is then inserted in the femoral shaft at least 4-5 cm below the 
most distal defect. over this guide wire, a phantom implant is used to impact the morcellised bone grafts 
with a diameter of 2-5 mm in the femoral shaft. 
D) For the proximal part of the femur, larger morcellised grafts with a diameter of 6-8 mm can be used and 
these are solidly impacted around the phantom with special small impactor creating rotational stability of 
the final implant. Cement is injected retrograde using a syringe with a narrow nozzle that allows reaching 
the distal grafted area without damaging the graft reconstruction. finally the femoral implant can be
inserted and cemented into the newly reconstructed femur.
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the distal grafted area without damaging the graft reconstruction. finally the femoral implant can be
inserted and cemented into the newly reconstructed femur.
f t  old ste , the femoral shaft is cleaned and reamed. B) If needed, segmental defects 
are reconstruct d with metal wire meshes. Also r construction of the calcar region is ften necessary. C) A 
femoral plug with a guide wire attached is then inserted in the femoral shaft at least 4-5 cm below the most 
distal defect. Over this i e , a phantom implant is used to impact the morcelli ed bone graftswith a 
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up period of 5 years for all patients. This study was approved by our Institutional 
Review Board and all investigations were conducted in conformity with ethical 
principles of research.
Study endpoint and predictors
The study endpoint was a femoral re-revision for any reason, which was defined 
as any exchange of the femoral stem for a new component during the study follow-
up. Potential demographic, clinical and surgical factors associated with a femoral 
re-revision were obtained from patient files (Table I). Decision to include these 
variables was based on guidance from directed acyclic graphs.12
Aseptic loosening was defined as a revision without preoperative diagnostic 
evidence of infection and/or without intraoperative visual evidence of infection 
and negative intraoperative cultures. Septic loosening was defined as a revision 
with preoperative diagnostic evidence and intraoperative visual evidence of 
infection and/or at least 2 of the 6 intraoperative taken cultures positive. The 
BMI was dichotomised. The choice to cut off the BMI at 30 was made to 
differentiate between people with (BMI ≥30) and without (BMI <30) obesity.13
Statistics
The associations between each variable and re-revision were examined with 
univariable Cox regression analyses. Predictors that were associated with the 
outcome in univariable analyses (p values <0.20) were included in multivariable 
Cox regression analyses. In multivariable Cox regression analyses p values 
less than 0.05 were considered significant. Hazard ratios (HR) are presented 
with 95% confidence interval (CI).
Analysis of the data was carried out using IBM SPSS Version 20.0 (IBM Corp.).
ReSUlTS
The cumulative incidence of the endpoint femoral re-revision for any reason 
was 6.3% (13/208 patients). The most common reason for a re-revision was a 
postoperative infection (7/13 patients, 53.8%). In Table II a comprehensive 
overview of these 13 re-revisions is presented. The clinical outcomes and survival 
analyses of this patient cohort were recently described in detail.6
The results of the univariable and multivariable regression analyses are 
presented in Table III. Sex (univariable HR = 2.12 [95% CI, 0.70-6.38]; p = 0.18), 
age (univariable HR = 0.96 [95% CI, 0.93-1.00]; p = 0.048), BMI (BMI ≥30 vs. 
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, American Association 
of Anesthesiologists (ASA) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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morcellised bone grafts with a diameter of 2-5 mm in the femoral shaft (Fig. 1-C). 
For the proximal part of the femur, larger morcellised grafts with a diameter of 6-8 
mm can be used and these are solidly impacted around the phantom with special 
small impactor creating rotational stability of the final implant. Cement is injected 
retrograde using a syringe with a narrow nozzle that allows reaching the distal 
grafted area without damaging the graft reconstruction. Finally the femoral implant 
can be inserted and cemented into the newly reconstructed femur (Fig. 1-D).
Follow-up protocol
A standard postoperative follow-up protocol was used, with physical and 
radiographic examination after 6 weeks, 3 months, 6 months, 1 year and afterwards 
on an biennially basis. The time period between 1991 and 2007 was chosen to 
collect a sufficient enough sample of patients, and to provide a minimum follow-
figure 1 
A) After removal of the old stem, the femoral shaft is cleaned and reamed. 
B) If needed, segmental defects are reconstructed with metal wire meshes. Also reconstruction of the
calcar region is often necessary. 
C) A femoral plug with a guide wire attached is then inserted in the femoral shaft at least 4-5 cm below the 
most distal defect. over this guide wire, a phantom implant is used to impact the morcellised bone grafts 
with a diameter of 2-5 mm in the femoral shaft. 
D) For the proximal part of the femur, larger morcellised grafts with a diameter of 6-8 mm can be used and 
these are solidly impacted around the phantom with special small impactor creating rotational stability of 
the final implant. Cement is injected retrograde using a syringe with a narrow nozzle that allows reaching 
the distal grafted area without damaging the graft reconstruction. finally the femoral implant can be
inserted and cemented into the newly reconstructed femur.
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narrow nozz e that allows reaching the distal grafted ar a without damaging the graft reconstruction. Finally 
femoral implant can be ins rted and cemented into the ewly reco st ucted femur.
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up peri d of 5 years for all patients. This study was approved by our Institutional 
Review Board and all investigations were conducted in conformity with ethical 
principles of research.
Study endpoint and p edictors
The study endpoint was a femoral re-revision for any reason, which was defined 
as any exchange f the femoral stem f r a new component during the study follow-
up. Pot ntial demographic, clinical and surgical factors associated with a femoral 
re-revision were obtained from patient files (Table I). Decision to include these 
variables was ba e  on guidance fro  directed acyclic graphs.12
Aseptic loos ning was defi ed as a revision without preoperative diagnostic 
evidence of infection and/or without intraoper tive vi ual evidence of infection 
and negative intraoperative cultures. Septic loosening was defin d as a r v si n 
with preope ative diagnostic evidence and intraoperative visual evidence of 
infection and/or at l ast 2 of the 6 intraoperative taken cultures positi e. The 
BMI was dicho omised. Th  choice to cut off the BMI at 30 was made to 
differentiate between people with (BMI ≥30) and without (BMI <30) obesity.13
Statistics
The ssoci ti s betwe n each variable and re- evision were examined with 
univariable Cox regres ion analyses. Predictors that were associ ted with the 
outcom  in univar able analyses (p values <0.20) were included in multivariable 
Cox regr ssion analyses. In multivariable Cox regression analyses p values 
less t an 0.05 re considered significant. Hazard ratios (HR) are presented 
with 95% confidence interval (CI).
Analysis of the data was carried out using IBM SPSS Version 20.0 (IBM Corp.).
ReSUlTS
The cumulative incidence of the endpoint femoral re-revision for any reason 
was 6.3% (13/208 patients). The most common reason for a re-revision was a 
postoperative infection (7/13 patients, 53.8%). In Table II a comprehensive 
overview of the e 13 re-revisions is present d. The clinical outcomes and survival 
an lyses of this patient cohort were recently desc ibed i  detail.6
The results of the univariable and multivariable regression an lyses are 
presented i  Table III. Sex (univariable HR = 2.12 [95% CI, 0.70-6.38]; p = 0.18), 
age (univariable HR = 0.96 [95% CI, 0.93-1.00]; p = 0.048), BMI (BMI ≥30 vs. 
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
60
Chapter 4
BMI <30, univariable HR = 5.21 [95% CI, 1.75-15.52]; p = 0.003), ASA (ASA 
grade 2 vs. ASA grade 1, univariable HR = 4.68 [95% CI, 1.01-21.66] and ASA 
grade 3 vs. ASA grade 1, univariable HR = 1.34 [95% CI, 0.12-15.01]; p = 0.09), 
type of removed femoral component (cemented vs. uncemented, univariable HR =
0.42 [95% CI, 0.14-1.28]; p = 0.13), and mesh used for reconstruction (univariable 
HR = 2.11 [95% CI, 0.69-6.46]; p = 0.19) were included in multivariable regression 
analysis. BMI (BMI ≥30 vs. BMI <30, HR = 6.54 [95% CI, 1.89-22.65]; p = 0.003) 
was the only factor that was significantly associated with femoral re-revision for 
any reason in multivariable analysis (Table III and Fig. 2).
DISCUSSIon
In order to improve the results of femoral revisions performed with impaction 
bone grafting, our goal was to determine which demographic, clinical and 
surgical characteristics were associated with the risk for a re-revision for any 
reason. The most important finding in the present study was that patients with a 
BMI of ≥30 have a higher risk for re-revision for any reason compared to patients 
Pt. = patient; THA = total hip arthroplasty; FU = follow-up in years after the index femoral revision when 
the re-revision was performed
Femoral re-revisions for any reason
Pt. Indication index revision Indication femoral re-revision for any reason FU
1 Septic loosening THA Aseptic loosening 11.7
2 Aseptic loosening THA Aseptic loosening  and periprosthetic fracture after a crush injury 5.9
3 Aseptic loosening THA Malpositioning femoral component  13.0
4 Septic loosening THA Recementing femoral component 1.5cm higher for recurrent 
dislocations 
1.6
5 Aseptic loosening THA Two stage revision for infection 2.6
6 Malpositioning femoral 
component
Permanent excision arthroplasty for infection 3.6
7 Aseptic loosening THA Permanent excision arthroplasty for infection 1.4
8 Aseptic loosening stem Two stage revision for infection 0.05
9 Aseptic hemiarthroplasty Two stage revision for infection 1.3
10 Aseptic loosening THA Two stage revision for infection 9.8
11 Aseptic loosening THA 
(combined with a preoperative 
femoral fracture)
Permanent excision arthroplasty for infection 12.6
12 Aseptic loosening stem Non-union of a postoperative periprosthetic fracture 12.8
13 Aseptic hemiarthroplasty Permanent excision arthroplasty for recurrent dislocations 5.4
Table II
Overview of the 13 femoral re-revisions for any reason.
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Variable Total 
(n=208)
Re-revision
(n=13)
Univariable hazard 
ratio (95% CI)
Multivariable 
model hazard ratio 
(95% CI)
Sex
     Female
     Male
122
86
7 (6%)
6 (7%)
p = 0.18
2.12 (0.70 - 6.38)
p = 0.09
3.08 (0.86 – 11.09)
Age 208 13 (6%) p = 0.048
0.96 (0.93 - 1.00)
p = 0.21
0.97 (0.93 – 1.02)
Body mass index, kg/m2
     < 30.00
     ≥ 30.00
175
33
7 (4%)
6 (18%)
p = 0.003
5.21 (1.75 – 15.52)
p = 0.003
6.54 (1.89 – 22.65)
ASA classification
     1
     2
     3
68
101
39
2 (3%)
10 (10%)
1 (3%)
p = 0.09
4.68 (1.01 – 21.66)
1.34 (0.12 – 15.01)
p = 0.11
4.21 (0.86 – 20.58)
0.95 (0.08 – 10.89)
Indication femoral revision
     Aseptic loosening
     Septic loosening
     Other
154
36
18
9 (6%)
2 (6%)
2 (11%)
p = 0.68
0.92 (0.20 – 4.25)
1.92 (0.42 – 8.92)
Type femoral revision
     Total hip arthroplasty
     Only femoral component
     Conversion hemiarthroplasty
155
37
16
9 (6%)
2 (5%)
2 (13%)
p = 0.30
1.02 (0.22 – 4.75)
3.47 (0.71 – 16.95)
Preoperative Endoklinik score
     1
     2
     3
     4
71
70
54
13
6 (8%)
4 (6%)
1 (2%)
2 (15%)
p = 0.47
0.65 (0.18 – 2.31)
0.23 (0.03 – 1.89)
1.34 (0.27 – 6.74)
Pre- or intraoperative femoral fracture or 
cortex deficiency
     No
     Yes
150
58
10 (7%)
3 (5%)
p = 0.58
0.69 (0.19 – 2.52)
Number of earlier surgeries on affected 
hip
1-2
3-4
5 or more
127
63
18
8 (7%)
4 (6%)
1 (6%)
p = 0.98
0.94 (0.28 – 3.13)
0.83 (0.10 – 6.66)
Earlier femoral component revision
     No
     Yes
137
71
8 (6%)
5 (7%)
p = 0.83
1.13 (0.37 – 3.45)
Removed femoral component
     Uncemented
     Cemented
45
163
5 (11%)
8 (5%)
p = 0.13
0.42 (0.14 – 1.28)
p = 0.54
0.67 (0.19 – 2.40)
Femoral component used
     Standard length stem
     Long stem (>205mm)
185
23
12 (6%)
1 (4%)
p = 0.92
0.90 (0.12 – 7.03)
Mesh used
     No
     Yes
120
88
5 (4%)
8 (9%)
p = 0.19
2.11 (0.69 – 6.46)
p = 0.25
2.04 (0.61 – 6.82)
Femoral osteotomy performed
     No
     Yes
176
32
11 (6%)
2 (6%)
p = 0.80
0.83 (0.18 – 3.73)
Table III
Univariable and multivariable-adjusted risk of re-revision for any reason following cemented femoral 
revision with use of impaction bone grafting.
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, American Association 
of Anesthesiologists (ASA) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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BMI <30, univariable HR = 5.21 [95% CI, 1.75-15.52]; p = 0.003), ASA (ASA 
grade 2 vs. ASA grade 1, univariable HR = 4.68 [95% CI, 1.01-21.66] and ASA 
grade 3 vs. ASA grade 1, univariable HR = 1.34 [95% CI, 0.12-15.01]; p = 0.09), 
type of removed femoral component (cemented vs. uncemented, univariable HR =
0.42 [95% CI, 0.14-1.28]; p = 0.13), and mesh used for reconstruction (univariable 
HR = 2.11 [95% CI, 0.69-6.46]; p = 0.19) were included in multivariable regression 
analysis. BMI (BMI ≥30 vs. BMI <30, HR = 6.54 [95% CI, 1.89-22.65]; p = 0.003) 
was the only factor that was significantly associated with femoral re-revision for 
any reason in multivariable analysis (Table III and Fig. 2).
DISCUSSIon
In order to improve the results of femoral revisions performed with impaction 
bone grafting, our goal was to determine which demographic, clinical and 
surgical characteristics were associated with the risk for a re-revision for any 
reason. The most important finding in the present study was that patients with a 
BMI of ≥30 have a higher risk for re-revision for any reason compared to patients 
Pt. = patient; THA = total hip arthroplasty; FU = follow-up in years after the index femoral revision when 
the re-revision was performed
Femoral re-revisions for any reason
Pt. Indication index revision Indication femoral re-revision for any reason FU
1 Septic loosening THA Aseptic loosening 11.7
2 Aseptic loosening THA Aseptic loosening  and periprosthetic fracture after a crush injury 5.9
3 Aseptic loosening THA Malpositioning femoral component  13.0
4 Septic loosening THA Recementing femoral component 1.5cm higher for recurrent 
dislocations 
1.6
5 Aseptic loosening THA Two stage revision for infection 2.6
6 Malpositioning femoral 
component
Permanent excision arthroplasty for infection 3.6
7 Aseptic loosening THA Permanent excision arthroplasty for infection 1.4
8 Aseptic loosening stem Two stage revision for infection 0.05
9 Aseptic hemiarthroplasty Two stage revision for infection 1.3
10 Aseptic loosening THA Two stage revision for infection 9.8
11 Aseptic loosening THA 
(combined with a preoperative 
femoral fracture)
Permanent excision arthroplasty for infection 12.6
12 Aseptic loosening stem Non-union of a postoperative periprosthetic fracture 12.8
13 Aseptic hemiarthroplasty Permanent excision arthroplasty for recurrent dislocations 5.4
Table II
Overview of the 13 femoral re-revisions for any reason.
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Variable Total 
(n=208)
Re-revision
(n=13)
Univariable hazard 
ratio (95% CI)
Multivariable 
model hazard ratio 
(95% CI)
Sex
     Female
     Male
122
86
7 (6%)
6 (7%)
p = 0.18
2.12 (0.70 - 6.38)
p = 0.09
3.08 (0.86 – 11.09)
Age 208 13 (6%) p = 0.048
0.96 (0.93 - 1.00)
p = 0.21
0.97 (0.93 – 1.02)
Body mass index, kg/m2
     < 30.00
     ≥ 30.00
175
33
7 (4%)
6 (18%)
p = 0.003
5.21 (1.75 – 15.52)
p = 0.003
6.54 (1.89 – 22.65)
ASA classification
     1
     2
     3
68
101
39
2 (3%)
10 (10%)
1 (3%)
p = 0.09
4.68 (1.01 – 21.66)
1.34 (0.12 – 15.01)
p = 0.11
4.21 (0.86 – 20.58)
0.95 (0.08 – 10.89)
Indication femoral revision
     Aseptic loosening
     Septic loosening
     Other
154
36
18
9 (6%)
2 (6%)
2 (11%)
p = 0.68
0.92 (0.20 – 4.25)
1.92 (0.42 – 8.92)
Type femoral revision
     Total hip arthroplasty
     Only femoral component
     Conversion hemiarthroplasty
155
37
16
9 (6%)
2 (5%)
2 (13%)
p = 0.30
1.02 (0.22 – 4.75)
3.47 (0.71 – 16.95)
Preoperative Endoklinik score
     1
     2
     3
     4
71
70
54
13
6 (8%)
4 (6%)
1 (2%)
2 (15%)
p = 0.47
0.65 (0.18 – 2.31)
0.23 (0.03 – 1.89)
1.34 (0.27 – 6.74)
Pre- or intraoperative femoral fracture or 
cortex defici ncy
     No
     Yes
150
58
10 (7%)
3 (5%)
p = 0.58
0.69 (0.19 – 2.52)
Number of earlier surgeries on affected 
hip
1-2
3-4
5 or more
127
63
18
8 (7%)
4 (6%)
1 (6%)
p = 0.98
0.94 (0.28 – 3.13)
0.83 (0.10 – 6.66)
Earlier femoral component revision
     No
     Yes
137
71
8 (6%)
5 (7%)
p = 0.83
1.13 (0.37 – 3.45)
Removed femoral component
     Uncemented
     Cemented
45
163
5 (11%)
8 (5%)
p = 0.13
0.42 (0.14 – 1.28)
p = 0.54
0.67 (0.19 – 2.40)
Femoral component used
     Standard length stem
     Long stem (>205mm)
185
23
12 (6%)
1 (4%)
p = 0.92
0.90 (0.12 – 7.03)
Mesh used
     No
     Yes
120
88
5 (4%)
8 (9%)
p = 0.19
2.11 (0.69 – 6.46)
p = 0.25
2.04 (0.61 – 6.82)
Femoral osteotomy performed
     No
     Yes
176
32
11 (6%)
2 (6%)
p = 0.80
0.83 (0.18 – 3.73)
Table III
Univariable and multivariable-adjusted risk of re-revision for any reason following cemented femoral 
revision with use of impaction bone grafting.
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with a BMI <30. The only other study that reported on risk factors for re-revision 
after femoral impaction bone revisions was performed by Lamberton et al.3 They 
included 540 femoral revisions with a mean follow-up of 6.7 years. The indication 
for the femoral revision surgery and the use of reinforcements were reported to 
be significant risk factors for re-revision. However, this study was not designed 
to identify risk factors and some important potential factors associated with the 
risk of re-revision, such as Endoklinik classification, ASA classification and the 
n = number of patients; CI = confidence interval; ASA = American Society of Anesthesiologists 
Overall multivariable model fit: LR χ2 (7; representing df) = 29.25, p < 0.001)
Variable Total 
(n=208)
Re-revision
(n=13)
Univariable hazard 
ratio (95% CI)
Multivariable 
model hazard ratio 
(95% CI)
Cerclage wires used
     No
     Yes
100
108
4 (4%)
9 (8%)
p = 0.25
2.01 (0.62 – 6.53)
Table III, continued
figure 2
Kaplan–Meier curves showing re-revision free survival for patients with BMI <30 and BMI ≥30. Uncertainty 
is shown by 95% CIs and the numbers-at-risk at the bottom of the graph.
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with a BMI <30. The only other study that reported on risk factors for re-revision 
after femoral impaction bone revisions was performed by Lamberton et al.3 They 
included 540 femoral revisions with a mean follow-up of 6.7 years. The indication 
for the femoral revision surgery and the use of reinforcements were reported to 
be significant risk factors for re-revision. However, this study was not designed 
to identify risk factors and some important potential factors associated with the 
risk of re-revision, such as Endoklinik classification, ASA classification and the 
n = number of patients; CI = confidence interval; ASA = American Society of Anesthesiologists 
Overall multivariable model fit: LR χ2 (7; representing df) = 29.25, p < 0.001)
Variable Total 
(n=208)
Re-revision
(n=13)
Univariable hazard 
ratio (95% CI)
Multivariable 
model hazard ratio 
(95% CI)
Cerclage wires used
     No
     Yes
100
108
4 (4%)
9 (8%)
p = 0.25
2.01 (0.62 – 6.53)
Table III, continued
figure 2
Kaplan–Meier curves showing re-revision free survival for patients with BMI <30 and BMI ≥30. Uncertainty 
is shown by 95% CIs and the numbers-at-risk at the bottom of the graph.
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type of the removed femoral component were missing. A higher Endoklinik 
classification often results in the use of more reinforcements during surgery, and 
adjusting for Endoklinik classification might probably have neutralised the effect 
of the use of reinforcements. 
In our study, a BMI ≥30 at the time of the index revision was the only significant 
risk factor for a re-revision for any reason (multivariable HR = 6.54 [95% CI, 1.89-
22.65]; p = 0.003). This can probably be explained by the fact that a higher BMI 
results in chronically higher biomechanical loads on the reconstruction. Lübbeke 
et al14 and Pulos et al15 also showed that obese patients who had undergone a 
revision total hip arthroplasty had a significant higher risk for a postoperative 
infection, which was the primary reason for re-revision in our study population. In 
addition, Pulos et al15 also found that revisions in obese patients had a significant 
higher risk for reoperation. In our opinion, obesity is an important risk factor to 
discuss with the patient in the preoperative phase. Obese patients can be advised 
to first lose some weight with for example a dietary program before a femoral 
revision using impaction allografting is considered. 
Remarkably, Endoklinik score was not associated with an increased risk of 
re-revision. However, an Endoklinik grade 4 score presented a higher re-revision 
rate of 15% compared to 8% for grade 1, 6% for grade 2 and 2% for grade 3. 
Garcia-Cimbrelo et al2 also stated that major bone defects may affect the clinical 
outcome. Their survival rate in 91 revisions for endpoint reoperation for any 
cause was 100% for type 2, 81.2% for type 3 and 70.8% for type 4. 
Although not significantly associated with the risk of re-revision 
(multivariable HR 0.67 [95% CI, 0.19-2.40]; p = 0.54), the removed 
cemented stems showed a failure rate of 5% versus 11% for uncemented 
stems. We think that this difference can be explained by the fact that a 
revision of an uncemented stem in our opinion often is more difficult than a 
revision of a cemented stem. This is supported by other data from the present 
study: during revisions of uncemented stems we used more osteotomies (35.6% 
vs. 9.8%), cerclage wires (71.1% vs. 46.6%) and meshes (46.7% vs. 41.1%) 
compared to revisions of a cemented stem.
Similar to Lamberton et al,3 we also found that the use of reinforcements resulted 
in higher failure rates. However, in the present study the use of reinforcements 
was not significantly associated with the risk of re-revision. Although the size of 
our group was not extensive with 202 patients (208 revisions), we think that our 
results are significant and clinically relevant. To the best of our knowledge, this is 
the first study that was designed to determine risk factors for failure of femoral 
revisions performed with bone impaction grafting. The strengths of the present 
study were the inclusion of a substantial number of possible important modifiable 
patients characteristics (e.g. BMI) and surgical characteristics (e.g. length of the
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, American Association 
of Anesthesiologists (ASA) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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with a BMI <30. The only other study that reported on risk factors for re-revision 
after femoral impaction bone revisions was performed by Lamberton et al.3 They 
included 540 femoral revisions with a mean follow-up of 6.7 years. The indication 
for the femoral revision surgery and the use of reinforcements were reported to 
be significant risk factors for re-revision. However, this study was not designed 
to identify risk factors and some important potential factors associated with the 
risk of re-revision, such as Endoklinik classification, ASA classification and the 
n = number of patients; CI = confidence interval; ASA = American Society of Anesthesiologists 
Overall multivariable model fit: LR χ2 (7; representing df) = 29.25, p < 0.001)
Variable Total 
(n=208)
Re-revision
(n=13)
Univariable hazard 
ratio (95% CI)
Multivariable 
model hazard ratio 
(95% CI)
Cerclage wires used
     No
     Yes
100
108
4 (4%)
9 (8%)
p = 0.25
2.01 (0.62 – 6.53)
Table III, continued
figure 2
Kaplan–Meier curves showing re-revision free survival for patients with BMI <30 and BMI ≥30. Uncertainty 
is shown by 95% CIs and the numbers-at-risk at the bottom of the graph.
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with a BMI <30. The only other study that reported on risk factors for re-revision 
after femoral impaction bone revisions was performed by Lamberton et al.3 They 
included 540 femoral revisions with a mean follow-up of 6.7 years. The indication 
for the femoral revision surgery and the use of reinforcements were reported to 
be significant risk factors for re-revision. However, this study was not designed 
to identify risk factors and some important potential factors associated with the 
risk of re-revision, such as Endoklinik classification, ASA classification and the 
n = number of patients; CI = confidence interval; ASA = American Society of Anesthesiologists 
Overall multivariable model fit: LR χ2 (7; representing df) = 29.25, p < 0.001)
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Re-revision
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ratio (95% CI)
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model hazard ratio 
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Cerclage wires used
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     Yes
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Kaplan–Meier curves showing re-revision free survival for patients with BMI <30 and BMI ≥30. Uncertainty 
is shown by 95% CIs and the numbers-at-risk at the bottom of the graph.
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type of the rem ved femoral component were missing. A higher Endoklinik 
classification often results in the use of more reinforcements during surgery, and 
adjusting for End klinik classificat on might probably have neutralised the effect 
of the use of reinforcements. 
In our study, a BMI ≥30 t the ime of th  index revision was the only significant 
risk factor for a re-revision for any reason (multivariable HR = 6.54 [95% CI, 1.89-
22.65]; p = 0.003). This can probably be expl in d by the fact that a higher BMI 
resul s in chronically higher biomechan al l ads on the reconstruction. Lübbeke 
et al14 nd Pul s et al15 also showed that obese patients who had undergone a 
revision total hip arthroplasty h d a significa  h gher risk for a postoperativ  
infection, which was the primary reason for re-revision in our study population. In 
addition, Pulos et al15 also found that revisions i  ob se patients had a significant 
higher risk for reoperation. In our opinion, obesity s an im ortant risk factor to 
discuss with  patient in the preoperative phas . Obese patients can be advised 
to first lose some weight with for example  dietary program befo  a fem ral 
revision using impaction allograf ing is considered. 
Remarkably, Endoklinik score wa  not associated with n increased risk of 
re-revision. Howev r, an End klinik grade 4 score present d a higher re-r visio  
rate of 15% c mpared to 8% for grade 1, 6% for grade 2 nd 2% for grade 3. 
Garcia-Cimbrelo et al2 also stated that major bone defect  may affect the clin cal 
outcome. Their urvival rate in 91 revisions for endpoint reoper tion f r ny 
cause was 100% for type 2, 81.2% for type 3 and 70.8% for type 4. 
Although not significantly associated with the risk of re-revision 
(multiva iabl  HR 0.67 [95% CI, 0.19-2.40]; p = 0.54), the removed 
cemented tems showed a failure rate of 5% versus 11% for uncemented 
stems. We think that this difference can be explained by the fact that a 
revision f an uncemented stem in our opinion oft n is more difficult than  
revision of a cemented stem. This is supported by other data from the present 
study: during revisions of uncemented stems we used more osteotomies (35.6% 
vs. 9.8%), cerclage wires (71.1% vs. 46.6%) and meshes (46.7% vs. 41.1%) 
compared to revisions of a cemented stem.
Similar to Lamberton et al,3 we also found that the use of reinforcements resulted 
in higher failure rates. H wever, in the present study the use of reinforcements 
was not significantly associated with the risk of re-revisi n. Although the size of 
our group was not xtensive with 202 patie ts (208 revisions), w  think that our 
result  are significant and clinically rel vant. To the best of our knowledge, this is 
the firs  study that was designed to determine risk factors for failure of femoral 
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used femoral component), and the use of prospectively collected data.
Some limitations have to be discussed. First, we dichotomised a number of 
variables (e.g. BMI). By the use of various cut points in different studies results 
may be difficult to compare. In addition, information is lost, e.g. every value 
above the cut point is considered equal, and so the statistical power to detect a 
relation might be reduced.16 Second, the number of re-revisions in our patient 
population was rather low (13 cases), potentially reducing the statistical power to 
detect a relationship. Rules of thumb, such as that logistic and Cox models should 
be used with a minimum of 10 outcome events per predictor variable, are useful 
signals for potential inaccuracies (e.g. reduction of statistical power).17,18 However, 
it has also been reported that these numbers might be a bit too conservative.19
In conclusion, BMI was the only factor associated with the risk of re-
revision for any reason. We acknowledge that a BMI ≥30 is no hard evidence 
for a negative outcome after a femoral revision using impaction bone grafting, 
but a factor that can be used as guidance in the process of preclinical decision 
making. Nevertheless, also factors that were nonsignificantly associated with the 
risk of re-revision, such as the higher failure rates for Endoklinik grade 4 and the 
revisions of uncemented stems, can obviously provide valuable information in 
this process. With the knowledge obtained from this study, preoperative patient 
selection, informed consent and treatment protocol can be better adjusted to the 
individual patient who needs to undergo a femoral revision with impaction bone 
grafting.
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InTRoDUCTIon
Femoral impaction bone grafting is a biological reconstruction which replenishes 
bone stock defects in revision total hip arthroplasty (THA) by impacting fresh-
frozen morcellised allograft within the femoral medullary canal before insertion 
of a cemented stem.
Long-term follow-up data are now available showing excellent survivorship 
for the endpoint re-revision for aseptic loosening, ranging from 98% to 100% 
after a mean follow-up of between 7 and 17 years.1-7
Nevertheless, despite technical improvements like the use of specially designed 
instrumented femoral revision systems (introduced in 1991) and longer stems to 
bypass weak cortical areas,8,9 re-revisions for any reason still occur with survival 
ranging from 93% to 96%.1,5-7 These results are quite acceptable, however in our 
opinion further improvements of this valuable technique for femoral revision 
surgery can be achieved by proper identification of risk factors for re-revision.
The only study that reported on factors associated with re-revision in 
femoral impaction grafting revisions was performed by Lamberton et al.3 They 
concluded that the indication for femoral revision surgery and the use of any 
kind of reinforcements were factors that significantly increased the risk of failure 
for any reason. However, several potential important risk factors for re-revision 
in femoral revisions, such as Endoklinik classification, American Association 
of Anesthesiologists (ASA) classification and the type of the removed femoral 
component were missing.
Therefore, we designed this study to identify demographic, clinical and 
surgical risk factors for re-revision for any reason in femoral revisions performed 
with use of impaction bone grafting. Our rationale was that by identifying these 
risk factors, the results of this valuable technique in revision hip arthroplasty can 
be further improved.
MeThoDS
Selection of study cohort
We used prospectively collected preoperative and postoperative data on all 
patients who underwent a femoral component revision with use of a cemented 
polished Exeter stem (Stryker-Howmedica) and impaction bone allografting in our 
department between March 1991 and December 2007. This study is a consecutive 
unselected series, including the learning curve of the very first cases. Our policy is 
to perform all femoral revisions with bone stock loss with this technique, and we 
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signals for potential inaccuracies (e.g. reduction of statistical power).17,18 However, 
it has also been reported that these numbers might be a bit too conservative.19
In conclusion, BMI was the only factor associated with the risk of re-
revision for any reason. We acknowledge that a BMI ≥30 is no hard evidence 
for a negative outcome after a femoral revision using impaction bone grafting, 
but a factor that can be used as guidance in the process of preclinical decision 
making. Nevertheless, also factors that were nonsignificantly associated with the 
risk of re-revision, such as the higher failure rates for Endoklinik grade 4 and the 
revisions of uncemented stems, can obviously provide valuable information in 
this process. With the knowledge obtained from this study, preoperative patient 
selection, informed consent and treatment protocol can be better adjusted to the 
individual patient who needs to undergo a femoral revision with impaction bone 
grafting.
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ABSTRACT
In this retrospective study, we investigated the results of revision total hip 
replacement (THR) using a cemented long-stemmed Exeter femoral component, 
with a minimum length of 205 mm in patients with extensive femoral bone defects. 
The study included 37 consecutive patients with a mean age of 76 years (39 to 93) 
and a mean follow-up of nine years (5 to 16). A total of 26 patients (70%) had a 
pre-operative Endo-Klinik score of 3 or 4. Impaction bone grafting was used in 24 
patients (65%). At the time of evaluation, 22 patients (59%) were still alive and were 
evaluated clinically and radiologically. A total of 14 patients died during follow-
up and their data were included until the time of their death. One reconstruction 
failed after five years and five months owing to recurrent dislocation: the hip was 
converted to an excision arthroplasty. Intra-operative fractures or fissures were 
encountered in nine patients (24%), but none occurred during impaction of the 
bone graft. Post-operative peri-prosthetic fractures occurred in two patients (5%); 
both were treated with plate fixation. At nine years, survival with the endpoint of 
all-cause re-revision was 96.3% (95% CI 76.4 to 99.5); including re-operations 
for any reason, it was 80.7% (95% CI 56.3 to 92.3%). There were no re-revisions 
for aseptic loosening.
The survival of long stem cemented femoral components following revision 
THR is satisfactory in a fragile population with extensive femoral defects.
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5
InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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patient demographics
There were 17 men (46%) and 20 women (54%) with a mean age of 76 years 
(39 to 93) at the time of surgery. The indications for femoral revision were: 
aseptic loosening in 23 (62%), septic loosening in five (14%), dislocation in 
two (5%), chronic pain in two (5%), and aseptic loosening with fracture of the 
component in one (3%). The remaining four patients (11%) underwent revision 
for peri-prosthetic fracture; two had a fracture following trauma, and two had a 
pathological fracture secondary to aseptic loosening. According to the Vancouver 
classification,6 one fracture was type B2 and two were type B3. We were unable 
to classify the last fracture as the patient was referred from elsewhere and no pre-
operative radiographs were available at the time of review.
All patients with a proven pre-operative infection or intra-operative suspicion 
of an infection were treated with a two-stage procedure, and systemic antibiotics 
appropriate to the infecting organism were administered for at least six weeks prior 
to the revision. In total there were six patients treated with a two-stage revision. In 
one of these the cultures were negative.
The demographics of the patients are shown in Table I.
Operative technique
We used a posterolateral approach in all patients. All revisions with IBG were 
performed using the X-change Revision System (Stryker) as described by Schreurs 
et al.7 The OSCAR (Orthosonics, Maidenhead, United Kingdom) ultrasonic device 
was used to remove cement from the femoral cavity. A total of 27 wire meshes 
were used in reconstructions in 22 patients (59%). Most of these were used in 
the calcar region (17 hips in 17 patients). Femoral strut grafts (one patient) and 
prophylactic femoral plating (one patient) were used if the degree of femoral bone 
loss was excessive. All four available lengths of the Exeter femoral component 
were used. The 205 mm component was used in 30 patients (81%), 220 mm in 
four (11%), 240 mm in two (5%) and 260 mm in one (3%). The primary acetabular 
components were stable in eight patients (22%); the component was revised in 18 
patients (49%) for aseptic loosening and in five (14%) for septic loosening. The six 
remaining patients (16%) underwent conversion from hemiarthroplasty to THR.
All revisions were performed using Simplex Bone Cement loaded with 500 mg 
erythromycin and 3000000 IU colistin (Stryker).
Post-operative protocol
The post-operative protocol changed during the study period as a result of 
increased experience with the IBG technique. In early cases, all patients had 
six weeks of bed rest with passive movement of the hip, followed by six weeks’ 
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toe-touch weight-bearing and then six weeks’ partial (50%) weight-bearing. The 
subsequent protocol depended on the extent of the revision and the amount of 
bone graft, as well as the condition and age of the patient, but in general patients 
were permitted to toe-touch weight-bear on the second post-operative day. Details 
are given in Table I. Clinical and radiological review was undertaken at six weeks, 
three months, six months and one year, and then annually or biennially. Outcome 
was assessed using the Harris hip score (HHS),8 Oxford hip score (OHS)9 and a 
visual analogue scale (VAS)10 for satisfaction. This VAS scale ranged from 0 (not 
satisfied at all) to 100 (complete satisfaction). Pain was assessed using a VAS 
at rest and during activity, ranging from 0 (no pain) to 100 (unbearable pain). 
For deceased patients, data are given from the last appointment. The scores were 
recorded by independent research assistants.
Radiological follow-up
The Endo-Klinik grade of bone loss was recorded pre-operatively (Fig. 1).11 No 
patient was grade 1; 11 (30%) were grade 2, 20 (54%) grade 3 and six (16%) grade 
4. Post-operative trabecular incorporation was evaluated using the criteria of Conn 
et al.12 Subsidence was measured using the method described by Fowler et al.13 
Radiolucencies were classified according to Gruen zone.14
      All radiographs were evaluated by three of the authors (MTS, EB and WR) 
until consensus was reached.
figure 1
The Endo-Klinik classification modified from Gie et al.11
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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patient demographics
There were 17 men (46%) and 20 women (54%) with a mean age of 76 years 
(39 to 93) at the time of surgery. The indications for femoral revision were: 
aseptic loosening in 23 (62%), septic loosening in five (14%), dislocation in 
two (5%), chronic pain in two (5%), and aseptic loosening with fracture of the 
component in one (3%). The remaining four patients (11%) underwent revision 
for peri-prosthetic fracture; two had a fracture following trauma, and two had a 
pathological fracture secondary to aseptic loosening. According to the Vancouver 
classification,6 one fracture was type B2 and two were type B3. We were unable 
to classify the last fracture as the patient was referred from elsewhere and no pre-
operative radiographs were available at the time of review.
All patients with a proven pre-operative infection or intra-operative suspicion 
of an infection were treated with a two-stage procedure, and systemic antibiotics 
appropriate to the infecting organism were administered for at least six weeks prior 
to the revision. In total there were six patients treated with a two-stage revision. In 
one of these the cultures were negative.
The demographics of the patients are shown in Table I.
Operative technique
We used a posterolateral approach in all patients. All revisions with IBG were 
performed using the X-change Revision System (Stryker) as described by Schreurs 
et al.7 The OSCAR (Orthosonics, Maidenhead, United Kingdom) ultrasonic device 
was used to remove cement from the femoral cavity. A total of 27 wire meshes 
were used in reconstructions in 22 patients (59%). Most of these were used in 
the calcar region (17 hips in 17 patients). Femoral strut grafts (one patient) and 
prophylactic femoral plating (one patient) were used if the degree of femoral bone 
loss was excessive. All four available lengths of the Exeter femoral component 
were used. The 205 mm component was used in 30 patients (81%), 220 mm in 
four (11%), 240 mm in two (5%) and 260 mm in one (3%). The primary acetabular 
components were stable in eight patients (22%); the component was revised in 18 
patients (49%) for aseptic loosening and in five (14%) for septic loosening. The six 
remaining patients (16%) underwent conversion from hemiarthroplasty to THR.
All revisions were performed using Simplex Bone Cement loaded with 500 mg 
erythromycin and 3000000 IU colistin (Stryker).
Post-operative protocol
The post-operative protocol changed during the study period as a result of 
increased experience with the IBG technique. In early cases, all patients had 
six weeks of bed rest with passive movement of the hip, followed by six weeks’ 
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toe-touch weight-bearing and then six weeks’ partial (50%) weight-bearing. The 
subsequent protocol depended on the extent of the revision and the amount of 
bone graft, as w ll as the conditi  and age of the patient, but in gen ral patients 
were permitted to toe-touch weight-bear on the second post-operativ  day. Details 
are given in Table I. Clinical and radiological review was undertaken at six we ks, 
three months, six months and one y ar, and hen annually o  biennially. Outcome 
was assessed using the Harris hip score (HHS),8 Oxford hip score (OHS)9 and a 
visual analogue scale (VAS)10 fo  satisfaction. This VAS scale range  from 0 (not 
satisfied at all) to 100 (complete satisfaction). Pain was assessed using a VAS 
at rest and during activity, ranging from 0 (no pain) to 100 (unbearable pain). 
Fo  d ceas d atients, data are given from the last appointment. The s r s were 
recorded by independent research assistants.
Radiological fo low-up
The Endo-Klinik grade of bone loss was recorded pre-operativ ly (Fig. 1).11 N  
patient was grade 1; 11 (30%) were grade 2, 20 (54%) grade 3 and six (16%) grade 
4. Post-operative trabecul r incorpora ion was evaluated using the criteria of Conn 
e  al.12 Subside ce was easured using the method described by Fowler e  al.13 
Radiolucencies were classified according to Gruen zone.14
      All radiographs were evaluated by three of the authors (MTS, EB and WR) 
until consensus was reached.
figure 1
The Endo-Klinik classification modified from Gie et al.11
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No, patient; F, female; M, male; THA, total hip arthroplasty; n, number; IBG, impaction bone grafting; Y, yes; N, no
No Gender Age 
(years)
Indication Type of revision Type of implant Previous 
femoral 
revisions /
previous 
operations 
(n/n)
Endo-
Klinik
1 F 77 Aseptic loosening + fracture Stem Exeter 205 mm 
44 mm nr2
2/4 4
2 M 54 Septic loosening THA Exeter 205 mm 
44  mm nr2
0/5 4
3 F 78 Aseptic loosening THA Exeter 205 mm 
44  mm nr2
2/3 3
4 F 79 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/3 3
5 F 86 Aseptic loosening + fracture Stem Exeter 205 mm 
44  mm nr2
1/2 4
6 F 84 Dislocation of the 
hemiarthroplasty
Conversion to 
THA
Exeter 205 mm 
44  mm nr2
0/1 3
7 F 52 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/2 3
8 F 84 Trauma Stem Exeter 205 mm 
44  mm nr2
0/1 3
9 F 83 Aseptic loosening + stem 
fracture 
THA Exeter 205 mm 
44 mm nr2
1/4 3
10 F 85 Aseptic loosening of 
hemiarthroplasty
Conversion to 
THA
Exeter 205 mm 
44 mm nr2
0/1 2
11 M 82 Aseptic loosening Stem Exeter 205 mm 
44 mm nr2
1/2 3
12 M 82 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 2
13 M 73 Aseptic loosening Stem Exeter 205 mm 
44 mm nr2
2/4 3
14 F 65 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/2 3
15 M 78 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/2 2
16 F 73 Aseptic loosening THA Exeter 220 mm 
44 mm nr3
1/4 4
17 F 80 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 2
18 M 88 Trauma THA Exeter 260 mm 
44 mm nr3
1/2 3
19 F 86 Chronic pain Conversion to 
THA
Exeter 240 mm 
44 mm nr3
0/1 3
Table I
patient characteristics.
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IBG 
(Y/N)
Intra-
operative 
fractures  
(Y/N)
Meshes 
(no)
Post-
operative 
infections
Post-
operative 
fractures
Gruen 
zones 
positive for  
radiolucent 
lines(n)
Follow-up 
(years)
Died 
during 
study 
(Y/N)
Post-operative protocol
Y N 1 N N 0 15.7 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y Y 1 N N 1 14.06 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 11.65 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 0 Y N 0 6 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
N N 1 N N 0 3.4 Y 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 1 6.57 Y 6 weeks toe-touch, 6 
weeks 50%
Y Y 3 N N 0 11.79 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
N N 0 N N 0 0 Y Patient died directly 
post-operative
Y Y 1 N N 2 9.66 Y 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 4.81 Y 6 weeks toe-touch, 6 
weeks 50%
N N 1 N N 3 6 Y 6 weeks toe-touch, 6 
weeks 50%
N N 1 N N 0 5.86 Y 6 weeks toe-touch, 6 
weeks 50%
Y N 0 Y N 0 10.97 N 6 weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 10.76 N 2 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 8.54 Y 6 weeks toe-touch, 6 
weeks 50%
Y N 3 N N 0 10.13 N 2 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y Y 1 N N 1 8.07 N 6 weeks toe-touch, 6 
weeks 50%
N N 1 N N 2 4.05 Y 6 weeks toe-touch, 6 
weeks 50%
N Y 0 N N 0 0.04 Y Patient died directly 
post-operative
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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No, patient; F, female; M, male; THA, total hip arthroplasty; n, number; IBG, impaction bone grafting; Y, yes; N, no
No Gender Age 
(years)
Indication Type of revision Type of implant Previous 
femoral 
revisions /
previous 
operations 
(n/n)
Endo-
Klinik
1 F 77 Aseptic loosening + fracture Stem Exeter 205 mm 
44 mm nr2
2/4 4
2 M 54 Septic loosening THA Exeter 205 mm 
44  mm nr2
0/5 4
3 F 78 Aseptic loosening THA Exeter 205 mm 
44  mm nr2
2/3 3
4 F 79 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/3 3
5 F 86 Aseptic loosening + fracture Stem Exeter 205 mm 
44  mm nr2
1/2 4
6 F 84 Dislocation of the 
hemiarthroplasty
Conversion to 
THA
Exeter 205 mm 
44  mm nr2
0/1 3
7 F 52 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/2 3
8 F 84 Trauma Stem Exeter 205 mm 
44  mm nr2
0/1 3
9 F 83 Aseptic loosening + stem 
fracture 
THA Exeter 205 mm 
44 mm nr2
1/4 3
10 F 85 Aseptic loosening of 
hemiarthroplasty
Conversion to 
THA
Exeter 205 mm 
44 mm nr2
0/1 2
11 M 82 Aseptic loosening Stem Exeter 205 mm 
44 mm nr2
1/2 3
12 M 82 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 2
13 M 73 Aseptic loosening Stem Exeter 205 mm 
44 mm nr2
2/4 3
14 F 65 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/2 3
15 M 78 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/2 2
16 F 73 Aseptic loosening THA Exeter 220 mm 
44 mm nr3
1/4 4
17 F 80 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 2
18 M 88 Trauma THA Exeter 260 mm 
44 mm nr3
1/2 3
19 F 86 Chronic pain Conversion to 
THA
Exeter 240 mm 
44 mm nr3
0/1 3
Table I
patient characteristics.
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IBG 
(Y/N)
Intra-
operative 
fractures  
(Y/N)
Meshes 
(no)
Post-
operative 
infections
Post-
operative 
fractures
Gruen 
zones 
positive f   
radiolucent 
lines(n)
Follow-up 
(years)
Died 
during 
study 
(Y/N)
Post-operative protocol
Y N 1 N N 0 15.7 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y Y 1 N N 1 14.06 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
w eks 50%
Y N 1 N N 0 11.65 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 0 Y N 0 6 N 6 weeks b d rest, 6 
weeks toe-touch, 6 
weeks 50%
N N 1 N N 0 3.4 Y 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 1 6.57 Y 6 weeks toe-touch, 6 
weeks 50%
Y Y 3 N N 0 11.79 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
N N 0 N N 0 0 Y Patient died directly 
post-operative
Y Y 1 N N 2 9.66 Y 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 4.81 Y 6 weeks toe-touch, 6 
weeks 50%
N N 1 N N 3 6 Y 6 weeks toe-touch, 6 
weeks 50%
N N 1 N N 0 5.86 Y 6 weeks toe-touch, 6 
weeks 50%
Y N 0 Y N 0 10.97 N 6 weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 10.76 N 2 week  bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 8.54 Y 6 weeks toe-touch, 6 
weeks 50%
Y N 3 N N 0 10.13 N 2 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y Y 1 N N 1 8.07 N 6 weeks toe-touch, 6 
weeks 50%
N N 1 N N 2 4.05 Y 6 weeks toe-touch, 6 
weeks 50%
N Y 0 N N 0 0.04 Y Patient died directly 
post-operative
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No Gender Age 
(years)
Indication Type of revision Type of implant Previous 
femoral 
revisions /
previous 
operations 
(n/n)
Endo-
Klinik
20 M 85 Aseptic loosening Stem Exeter 240 mm 
44 mm nr3
0/2 2
21 F 80 Aseptic loosening of 
hemiarthroplasty
Conversion to 
THA
Exeter 205 mm 
44 mm nr2
0/2 2
22 M 39 Septic loosening THA Exeter 205 mm 
44 mm nr2
1/4 2
23 F 66 Chronic pain THA Exeter 205 mm 
44 mm nr2
0/1 3
24 M 71 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 3
25 F 72 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/2 3
26 M 70 Septic loosening THA Exeter 205 mm 
44 mm nr2
0/4 3
27 F 84 Dislocation of the 
hemiarthroplasty
Conversion to 
THA
Exeter 220 mm 
44 mm nr3
0/1 3
28 M 87 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/2 3
29 M 71 Aseptic loosening Stem Exeter 220 mm 
44 mm nr3
0/1 2
30 F 86 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 2
31 M 71 Septic loosening THA Exeter 205 mm 
44 mm nr2
1/3 2
32 M 73 Aseptic loosening Stem Exeter 205 mm 
44 mm nr2
0/1 3
33 F 93 Aseptic loosening of 
hemiarthroplasty
Conversion to 
THA
Exeter 220 mm 
44 mm nr3
0/1 4
34 M 85 Septic loosening THA Exeter 205 mm 
44 mm nr2
0/2 2
35 M 70 Aseptic loosening THA Exeter 205 mm 
37.5 mm nr1
0/1 4
36 M 53 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/5 3
37 F 76 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 3
Table I, continued
No, patient; F, female; M, male; THA, total hip arthroplasty; n, number; IBG, impaction bone grafting; Y, yes; N, no
75
Long cemented components in femoral revision surgery
5
IBG 
(Y/N)
Intra-
operative 
fractures  
(Y/N)
Meshes 
(no)
Post-
operative 
infections
Post-
operative 
fractures
Gruen 
zones 
positive for  
radiolucent 
lines(n)
Follow-up 
(years)
Died 
during 
study 
(Y/N)
Post-operative protocol
N N 0 N N 1 0.21 Y Functional  mobilisation
Y N 0 N Y 3 5.43 Y Functional  mobilisation
Y N 1 Y N 4 7.79 N 6 weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 9.29 N 2 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 9.23 N 6 weeks toe-touch, 6 
weeks 50%
Y N 2 N N 0 7.71 N 6 weeks toe-touch, 6 
weeks 50%
Y N 0 N N 0 6.99 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 Y N 0 8.55 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 0 7.82 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 0 4.26 Y Functional  mobilisation
Y N 1 N N 0 0.04 Y Patient died directly 
post-operative
Y N 1 N N 0 7.84 N 6 weeks toe-touch, 6 
weeks 50%
Y N 0 N N 0 7.05 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 3 6.87 N Functional  mobilisation
N N 0 N N 4 6.84 N Functional  mobilisation
Y N 0 N Y 2 5.09 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y Y 1 N N 0 5.44 N 6 weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 4.78 N 6 weeks toe-touch, 6 
weeks 50%
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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No Gender Age 
(years)
Indication Type of revision Type of implant Previous 
femoral 
revisions /
previous 
operations 
(n/n)
Endo-
Klinik
20 M 85 Aseptic loosening Stem Exeter 240 mm 
44 mm nr3
0/2 2
21 F 80 Aseptic loosening of 
hemiarthroplasty
Conversion to 
THA
Exeter 205 mm 
44 mm nr2
0/2 2
22 M 39 Septic loosening THA Exeter 205 mm 
44 mm nr2
1/4 2
23 F 66 Chronic pain THA Exeter 205 mm 
44 mm nr2
0/1 3
24 M 71 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 3
25 F 72 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/2 3
26 M 70 Septic loosening THA Exeter 205 mm 
44 mm nr2
0/4 3
27 F 84 Dislocation of the 
hemiarthroplasty
Conversion to 
THA
Exeter 220 mm 
44 mm nr3
0/1 3
28 M 87 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/2 3
29 M 71 Aseptic loosening Stem Exeter 220 mm 
44 mm nr3
0/1 2
30 F 86 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 2
31 M 71 Septic loosening THA Exeter 205 mm 
44 mm nr2
1/3 2
32 M 73 Aseptic loosening Stem Exeter 205 mm 
44 mm nr2
0/1 3
33 F 93 Aseptic loosening of 
hemiarthroplasty
Conversion to 
THA
Exeter 220 mm 
44 mm nr3
0/1 4
34 M 85 Septic loosening THA Exeter 205 mm 
44 mm nr2
0/2 2
35 M 70 Aseptic loosening THA Exeter 205 mm 
37.5 mm nr1
0/1 4
36 M 53 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
1/5 3
37 F 76 Aseptic loosening THA Exeter 205 mm 
44 mm nr2
0/1 3
Table I, continued
No, patient; F, female; M, male; THA, total hip arthroplasty; n, number; IBG, impaction bone grafting; Y, yes; N, no
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IBG 
(Y/N)
Intra-
operative 
fractures  
(Y/N)
Meshes 
(no)
Post-
operative 
infections
Post-
operative 
fractures
Gruen 
zones 
positive for  
radiolucent 
lines(n)
Follow-up 
(years)
Died 
during 
study 
(Y/N)
Post-operative protocol
N N 0 N N 1 0.21 Y Functional  m bilisation
Y N 0 N Y 3 5.43 Y Functional  mobilisation
Y N 1 Y N 4 7.79 N 6 weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 9.29 N 2 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y N 1 N N 0 9.23 N 6 weeks toe-touch, 6 
weeks 50%
Y N 2 N N 0 7.71 N 6 weeks toe-touch, 6 
weeks 50%
Y N 0 N N 0 6.99 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 Y N 0 8.55 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 0 7.82 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 0 4.26 Y Functional  mobilisation
Y N 1 N N 0 0.04 Y Patient died directly 
post-operative
Y N 1 N N 0 7.84 N 6 weeks toe-touch, 6 
weeks 50%
Y N 0 N N 0 7.05 N 6 weeks toe-touch, 6 
weeks 50%
N N 0 N N 3 6.87 N Functional  mobilisation
N N 0 N N 4 6.84 N Functional  mobilisation
Y N 0 N Y 2 5.09 N 6 weeks bed rest, 6 
weeks toe-touch, 6 
weeks 50%
Y Y 1 N N 0 5.44 N 6 weeks toe-tou h, 6 
weeks 50%
Y N 1 N N 0 4.78 N 6 weeks toe-touch, 6 
weeks 50%
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n, number of patients with available scores; HHS, Harris hip score; OHS, Oxford hip score; VAS, visual 
analogue scale.
*For some patients no clinical scores could be obtained during last follow-up, thus the follow-up for the 
clinical scores is shorter than for the overall mean follow-up.
Clinical score n Follow-up (years
Pre-operative HHS 57 (19 to 84) 10
Post-operative HHS 72 (29  to 94) 30 6* (1 - 13)
OHS 26 (12  to 41)
VAS rest 7 (0  to 60)
VAS activity 15 (0  to 80)
VAS satisfaction 79 (15 to 100)
Statistical analysis
Kaplan–Meier survival analysis15 was performed for four different endpoints: 
re-revision for any reason, re-revision for aseptic loosening, radiographic failure 
(subsidence ≥ 5 mm), and re-operation for any reason. Analyses were performed 
using Prism v.4.0 (GraphPad Inc., La Jolla, California).
ReSUlTS
The mean follow-up was nine years (5 to 13), at which time 22 patients (59%) 
with a mean age of 80 years (47 to 100) were alive. Clinical scores, which were 
available for ten pre-operative patients and 30 post-operative patients, are given 
in Table II. One patient (3%) was lost to follow-up after approximately six years, 
and the data collected were used until this point.
A total of three elderly patients (8%) aged between 84 and 86 years died 
within the first two months after revision surgery. One patient, with significant 
comorbidity (ASA 3), underwent revision for peri-prosthetic fracture and died 
of acute pulmonary oedema in the immediate post-operative period. A second 
patient, also ASA class 3, had pre-existing congestive heart failure and underwent 
revision for protrusion of a hemiarthroplasty into the pelvis. The patient died of a 
myocardial infarction 13 days after surgery. The third patient (ASA 2) underwent 
revision for aseptic loosening but died following a stroke 14 days after operation.
Table II
Clinical scores at a mean follow-up of six years.
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Intra-operative findings
Intra-operative fractures occurred in six patients (16%) and fissures in three (8%). 
Three fractures and one fissure occurred during the preparation of the medullary 
canal. One fracture and one fissure occurred during the transfemoral approach and 
one fracture occurred during extraction of the stem. One fracture and one fissure 
occurred during insertion of the trial prosthesis. None of these fractures or fissures 
occurred during impaction of the bone graft. All were recognised during surgery 
and treated with cerclage wires and meshes. An intraoperative fracture was treated 
with plate fixation in three patients. All fractures except one were seen in patients 
with Endo-Klinik scores of 3 or 4.
Peri-prosthetic fractures and other complications
Further surgery was undertaken in five patients (14%), two had a peri-prosthetic 
fracture and three had a deep infection. There were no re-operations for aseptic 
loosening.
Both fractures were treated using plate fixation. The first, a Vancouver type B3 
fracture, occurred following a fall and was successfully bypassed using a plate; 
however, excision arthroplasty was performed five years and five months later 
because of recurrent dislocation. The second patient had a Vancouver type B3 
fracture resulting from an osteolytic area at the tip of the implant which had been 
inadequately grafted with IBG. At the initial operation this weak area had been 
treated with plate fixation, but this did not adequately bypass the area and a new 
fracture occurred following revision surgery. At re-operation the defect was filled 
with bone graft and stabilised with a longer plate, with retention of the femoral 
component. At the final review, five years following the operation, the hip was still 
functioning satisfactorily.
Three patients with deep infection underwent debridement with the introduction 
of gentamicin beads: one had an infection due to Serratia marcescens following 
a two-stage revision for septic loosening caused by Staphylococcus hominis. The 
second patient developed an infection due to Staphylococcus epidermidis one 
month after revision for aseptic loosening. The third patient developed infection 
due to Streptococcus mitis after a dental procedure, 8.5 years after revision for 
aseptic loosening. In all these patients, a two-stage revision was considered, but 
owing to the poor prospects of another re-revision, and after discussion with the 
patients, all were treated with lifelong suppressive antibiotic therapy. All three 
remain mobile without having undergone further surgery.
Four further patients developed complications that did not require surgery. 
One developed a haematogenous infection of the revised THR secondary to septic 
arthritis of the shoulder 5.5 years after revision surgery, and was successfully 
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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n, number of patients with available scores; HHS, Harris hip score; OHS, Oxford hip score; VAS, visual 
analogue scale.
*For some patients no clinical scores could be obtained during last follow-up, thus the follow-up for the 
clinical scores is shorter than for the overall mean follow-up.
Clinical score n Follow-up (years
Pre-operative HHS 57 (19 to 84) 10
Post-operative HHS 72 (29  to 94) 30 6* (1 - 13)
OHS 26 (12  to 41)
VAS rest 7 (0  to 60)
VAS activity 15 (0  to 80)
VAS satisfaction 79 (15 to 100)
Statistical analysis
Kaplan–Meier survival analysis15 was performed for four different endpoints: 
re-revision for any reason, re-revision for aseptic loosening, radiographic failure 
(subsidence ≥ 5 mm), and re-operation for any reason. Analyses were performed 
using Prism v.4.0 (GraphPad Inc., La Jolla, California).
ReSUlTS
The mean follow-up was nine years (5 to 13), at which time 22 patients (59%) 
with a mean age of 80 years (47 to 100) were alive. Clinical scores, which were 
available for ten pre-operative patients and 30 post-operative patients, are given 
in Table II. One patient (3%) was lost to follow-up after approximately six years, 
and the data collected were used until this point.
A total of three elderly patients (8%) aged between 84 and 86 years died 
within the first two months after revision surgery. One patient, with significant 
comorbidity (ASA 3), underwent revision for peri-prosthetic fracture and died 
of acute pulmonary oedema in the immediate post-operative period. A second 
patient, also ASA class 3, had pre-existing congestive heart failure and underwent 
revision for protrusion of a hemiarthroplasty into the pelvis. The patient died of a 
myocardial infarction 13 days after surgery. The third patient (ASA 2) underwent 
revision for aseptic loosening but died following a stroke 14 days after operation.
Table II
Clinical scores at a mean follow-up of six years.
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Intra-operative findings
Intra-operative fractures occurred in six patients (16%) and fissures in three (8%). 
Three fractures and one fissure occurred during the preparation of th  medullary 
canal. One fracture and one fissure occurred during the t ansfemoral approach and 
one fractur  occurred during extraction of the stem. One fracture and one fi sure 
occurred du ing inserti n of the trial prosthesis. None of thes  fractures or fissures 
occurred uring impaction of the bon  graft. All w re recognised during surgery 
and treated with cerclage wires and meshes. A  intraoperative fracture was treat d 
with plate fix tion in three patients. All fractur s exc pt ne were seen n patients 
with Endo-Klinik scores of 3 or 4.
Peri-prosthetic fractures and other co plications
Furth r surgery was undertaken in five patients (14%), two had a peri-prosthetic 
fracture and three had a deep infection. There were no re-operations for aseptic 
loose ing.
Both fractu es were treated using pl te fixation. The firs , a Vancouver type B3 
fracture, occurred following a fall and was successf lly bypa sed using a plate; 
however, excision arthro lasty w s performed five years and five months later 
because of recurrent dislocation. The second patient had a Vanc uver type B3 
fracture r sulting from an osteolytic area at the tip of the implant which had been 
inadequately grafted w th IBG. At the initial operation this weak area had been 
treated with plate fixation, but this did not adequately bypass the area and a new 
fracture occurred f llowing rev sion surgery. At re-operation the defect was filled 
with bone graft and stabilised with a longer plate, with retention of the femoral 
component. At the final review, five years following the operation, the hip was still 
functioning satisfactorily.
Three patients with deep infection underwent debridement with the introduction 
of gentamicin bead : one had an inf ction due to Serratia marcescens fo low ng 
a two-stage revisi n for septic looseni g caused by Staphylococc s hominis. The 
s cond patient developed an infection du  t  Staphylococcus epidermidis one 
month after revisio  for asepti  loosening. The third patient developed infecti n 
due to Strep ococcus mitis after a dental p ocedure, 8.5 years after revision for 
aseptic loosening. In al these patients, a two-stage revision was considered, but 
owing to the poor pros ects of another re-revision, and after discussion with the 
patients, all were treated with lifelong suppr ssive antibiotic therapy. All three 
remain obile without havi g undergone further surgery.
Four further patients developed complications hat did not equire surgery. 
One develop d a haemat genous infection of the r vised THR secondary to septic 
arthritis of the shoulder 5.5 yea s after revision surgery, and was successfully 
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treated with antibiotics alone. Dislocation of the revised THR occurred in three 
patients, two of whom were successfully treated with a Newport anti-dislocation 
brace (Orthomerica Inc., Orlando, Florida). The third patient was scheduled for 
tenotomy of the adductor and iliopsoas muscles, but owing to signs of general 
sepsis of unknown origin, this operation was cancelled. The patient died one 
month later as a result of the general sepsis.
Radiological analysis (fig. 2)
Complete radiological follow-up was available for 32 patients (86%). Radiolucent 
lines were observed in one or more Gruen zone in 12 patients (32%); five patients 
(14%), one of whom had a persistent chronic infection, had radiolucent lines in 
three or four Gruen zones. Overall, radiolucent lines were observed in 27 (10%) 
of the 259 Gruen zones.
There was no migration of the cement mantle relative to the cortical bone in 
any patient. Migration of the femoral component relative to the cement was noted 
figure 2
Anteroposterior radiographs, A) pre-operatively showing lysis around a loose cemented femoral 
component and bulging of the femur in zones 2 to 3; B) immediately post-operatively showing 
reconstruction with a 205 mm stem, impaction bone grafting and a mesh. Reconstruction of the 
acetabulum was also performed, C) nine years postoperatively, showing incorporation of the graft. Both 
femoral and acetabular components are radiologically stable and show no signs of loosening.
Fig. 2-A Fig. 2-B Fig. 2-C
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in 27/37 patients (73%). Migration was < 5 mm in 22 of 27 patients and ≥ 5 mm 
in five. In four of these five patients migration was due to peri-prosthetic fracture 
in two and chronic infection in two. The remaining femoral component migrated 
because of insufficient cement pressurisation as a result of an intra-operative 
cortical defect, with considerable cement leakage.
Survival analysis
Survival was analysed at five and nine years. Survival at nine years was 96.3% 
(95% CI 76.4 to 99.5) for all-cause re-revision, 100.0% (95% CI 74.1 to 100.0) for 
re-revision due to aseptic loosening, 84.8% (95% CI 67.3 to 93.4) for radiological 
failure, and 80.7% (95% CI 56.3 to 92.3) for all-cause re-operation. All other 
results are shown in Table III and Figure 3.
DISCUSSIon
In this paper we describe the medium-term outcome of 37 patients who underwent 
femoral revision using a long-stemmed Exeter femoral component with or without 
IBG. All patients underwent regular clinical and radiological review. Complete 
radiological data were available for 86% of the patients.
Limitations of this study are the relatively small number of patients and the 
large number of those who died. Preoperative clinical scores were available for 
ten patients (27%) and post-operative scores were available for 30 patients (81%).
This is the longest-term series of this type reported to date. Previous studies 
of revisions using a long, cemented femoral component report results at a mean 
of between three and 7.5 years.16-20 Of these, Sierra et al16 reported the worst pre-
operative bone quality: 34 of their 40 patients with pre-operative radiographs 
5 years 9 years
n Survival (%) (95% CI) n Survival (%) (95% CI)
Re-revision for any reason 27 100.0 (89.9 to 100.0) 10 96.3 (76.4 to 99.5) 
Re-revision for aseptic loosening 27 100.0 (89.9 to 100.0) 10 100.0 (74.1 to 100.0)
Subsidence ≥ 5  mm 19 84.8 (67.3 to 93.4) 8 84.8 (67.3 to 93.4)
Re-operation for any reason 24 88.0 (71.2 to 95.3) 9 80.7 (56.3 to 92.3) 
Table III
Survival for all endpoints at five and nine years’ follow-up.
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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treated with antibiotics alone. Dislocation of the revised THR occurred in three 
patients, two of whom were successfully treated with a Newport anti-dislocation 
brace (Orthomerica Inc., Orlando, Florida). The third patient was scheduled for 
tenotomy of the adductor and iliopsoas muscles, but owing to signs of general 
sepsis of unknown origin, this operation was cancelled. The patient died one 
month later as a result of the general sepsis.
Radiological analysis (fig. 2)
Complete radiological follow-up was available for 32 patients (86%). Radiolucent 
lines were observed in one or more Gruen zone in 12 patients (32%); five patients 
(14%), one of whom had a persistent chronic infection, had radiolucent lines in 
three or four Gruen zones. Overall, radiolucent lines were observed in 27 (10%) 
of the 259 Gruen zones.
There was no migration of the cement mantle relative to the cortical bone in 
any patient. Migration of the femoral component relative to the cement was noted 
figure 2
Anteroposterior radiographs, A) pre-operatively showing lysis around a loose cemented femoral 
component and bulging of the femur in zones 2 to 3; B) immediately post-operatively showing 
reconstruction with a 205 mm stem, impaction bone grafting and a mesh. Reconstruction of the 
acetabulum was also performed, C) nine years postoperatively, showing incorporation of the graft. Both 
femoral and acetabular components are radiologically stable and show no signs of loosening.
Fig. 2-A Fig. 2-B Fig. 2-C
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in 27/37 patients (73%). Migration was < 5 mm in 22 of 27 patients and ≥ 5 mm 
in five. In four of these five patients migration was due to peri-prosthetic fracture 
in two and chronic infection in two. The remai ing femoral component migrated 
because of insufficient cement pressurisati n as  result of an intra-operative 
cortical defect, with considerable cement leakage.
Survival analysis
Survival was analysed at five and nine years. Su vival at nin years was 96.3% 
(95% CI 76.4 to 99.5) for all-cause re-revision, 100.0% (95% CI 74.1 to 100.0) for 
re-revision due to aseptic loos ning, 84.8% (95% CI 67.3 to 93.4) for radi logica  
failur , and 80.7% (95% CI 56.3 to 92.3) for all-cause re-operation. All other 
results are shown in Tabl  III and Figur  3.
DISCUSSIon
In this paper we describe the medium-term u com  of 37 patients who underwent 
femoral revisio  using a long-stemm d Exeter femoral component with or wi hout 
IBG. All patients underwent regular clinic l and radiological review. Complete 
radiological data were available for 86% of the patients.
Limitations of this study are the relatively small number  patients and the 
large number of those who died. Preoperative clinical scores were available for 
te  patients (27%) and post-operative scores were available for 30 patients (81%).
This is the longest-term series of this type reported to date. Previous studies 
of revisions using a long, cemented femoral component report results at a mean 
of between three and 7.5 years.16-20 Of these, Sierra et al16 reported the worst pre-
operative bone quality: 34 of their 40 patients with pre-operative radiographs 
5 years 9 years
n Survival (%) (95% CI) n Survival (%) (95% CI)
Re-revision for any reason 27 100.0 (89.9 to 100.0) 10 96.3 (76.4 to 99.5) 
Re-revision for aseptic loosening 27 100.0 (89.9 to 100.0) 10 100.0 (74.1 to 100.0)
Subsidence ≥ 5  mm 19 84.8 (67.3 to 93.4) 8 84.8 (67.3 to 93.4)
Re-operation for any reason 24 88.0 (71.2 to 95.3) 9 80.7 (56.3 to 92.3) 
Table III
Survival for all end oints at five and nine years’ follow-up.
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available had an Endo-Klinik score of 3 or 4 (85%), whereas Howie et al20 reported 
that 71 of their 137 long stemmed revisions had an pre-operative Endo-Klinik 
score 3 or 4 (52%). In our population, 70% had an Endo-Klinik score of 3 (54%) 
figure 3
Graphs showing A) Kaplan–Meier survival curves with the endpoints of re-revision of the femoral 
component for any reason, and B) re-revision of the femoral component for aseptic loosening.
Fig. 3-A
Fig. 3-B
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or 4 (16%).
We reported six (16%) intra-operative fractures, all but one occurring in 
patients with an Endo-Klinik score of 3 or 4. This is higher than reported by 
Howie et al20 (8%), but the patients in their series had a better mean bone quality to 
those in our series. The rate of intra-operative fracture in our series is comparable 
with that in revisions using cementless components, the incidence of which has 
been estimated at between 6% and 30%;21-27 however, patients presenting for 
revision THR generally have poor bone quality, and in our opinion intra-operative 
fractures are unavoidable in a proportion of patients. Sierra et al16 advocated the 
use of a circumferential release of tight soft-tissue to relieve torsional and bending 
stresses on the femur during impaction, thereby reducing the likelihood of fracture. 
However, in this series all the fractures occurred during removal of the cement and 
the primary component, and none occurred during impaction. In an attempt to 
prevent uncontrolled fractures, a transfemoral Wagner5 osteotomy was performed, 
if indicated. However, based on the results of this series we suggest that a more 
routine use of this approach may reduce the incidence of intra-operative fractures. 
If fractures do occur, it is essential that they are recognised during surgery and 
adequately treated. In this series we had no unrecognised intra-operative fractures.
Post-operative peri-prosthetic fracture occurred in two patients (5%), which 
is comparable with that reported by others.16 Given the poor bone stock in these 
patients, we believe that the rate of peri-prosthetic fracture would have been 
higher if a shorter femoral component had been used.
At nine years, the survival with the endpoint of all-cause revision was 96.2% 
(95% CI 75.7 to 99.5). This is similar to that reported by Sierra et al16 (90%; 95% 
CI 80 to 100) at ten years. Survival for aseptic loosening was 100% at nine years’ 
follow-up, which was similar to the 98% reported by Howie et al20 at nine years. 
Survival, with the endpoint of all-cause re-operation, was 80.7% (95% CI 56.3 
to 92.3) at nine years, which is similar to the 82% (95% CI 79 to 96) reported at 
ten years by Sierra et al.16 Howie et al20 reported better results with a survival of 
93.3%, but excluded re-operations for infection. When reoperation for infection 
was included, the survival in their study dropped to 85.5% at ten years’ follow-up.
In our study, revision was performed both with and without IBG. The series 
was too small to draw any conclusions as to whether the results were superior 
in either case. In conclusion, the use of long-stemmed cemented Exeter femoral 
components with and without IBG is an attractive form of treatment when 
undertaking femoral revision surgery in patients with extensive destruction of 
bone. The incidence of post-operative peri-prosthetic fractures is comparable 
with that in the literature, and the survival of these extensive reconstructions is 
satisfactory after a mean follow-up of nine years in these fragile patients.
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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available had an Endo-Klinik score of 3 or 4 (85%), whereas Howie et al20 reported 
that 71 of their 137 long stemmed revisions had an pre-operative Endo-Klinik 
score 3 or 4 (52%). In our population, 70% had an Endo-Klinik score of 3 (54%) 
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Graphs showing A) Kaplan–Meier survival curves with the endpoints of re-revision of the femoral 
component for any reason, and B) re-revision of the femoral component for aseptic loosening.
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or 4 (16%).
We reported six (16%) intra-operative fractures, all but one occurring in 
patients with an Endo-K inik sc r  of 3 r 4. This is higher than reported by 
Howie et al20 (8%), but th  patient in heir series had a better mean bone quality to 
those in our series. The rat of intra-o erative f ac ure in our series is comparable 
with that in revisi ns using cementless components, the incidence of which has 
been estimated at between 6% and 30%;21-27 however, patients present ng for 
revision THR ge erally hav  poor bone quality, and in our opinio  intra-operative 
fractures are unavoidab e in a proportion of patients. Sierra et al16 advocated th  
use of a circumferential releas  of tight soft-tissu  to relieve torsio al and bending 
stress s on the femur during impaction, thereby reducing the likelihood of fracture. 
However, in thi  series all the fractures occurred during removal of the cement and 
the primary component, and none occurred during impaction. In an attempt to 
prevent uncontrolled fractures, a transfemoral Wagner5 osteotomy was performed, 
if indicated. Howev r, based on the results f this series we sugge t that a more 
ro tine use of this appr ach may reduce th  incidence of intra-op rative fract res. 
If ractures do occur, it is essentia  that they are recognised during surgery and 
adequately tr ated. In this seri s we had no unrecognised ntra-oper tiv  rac ures.
Post-operative peri-pros hetic fracture occurred in two pati nts (5%), which 
is comparable with that reported by others.16 Given the poor bone stock in these 
patients, we believe t at the rate of peri-prosthetic f acture would hav  been 
higher if a shorter femoral comp nent had been used.
At nin years, the survival with the ndpoin  of all-cause revision was 96.2% 
(95% CI 75.7 to 99.5). This is similar to that reported by Sierra et al16 (90%; 95% 
CI 80 to 100) at ten years. Survival for aseptic loosening was 100% at nine years’ 
follow-up, which was similar to the 98% reported by Howie et al20 at nine years. 
Survival, with the endpoint of all-cause re-operation, was 80.7% (95% CI 56.3 
to 92.3) at nine y ars, which is similar to the 82% (95% CI 79 to 96) reported at 
ten y ars by Sierra et al.16 Howie et al20 reported better results with a survival of 
93.3%, but ex l ded r -operations for i fecti n. When reoperation for infection 
was included, the survival in their study dropped to 85.5% at t n y ars’ foll w-up.
In our study, revision was perfor ed both w th and without IBG. e series 
was too s all to draw any conclusions as to whether the results were superior 
in either ca e. In conclusion, the use of long-stemmed cemented Exet r femoral 
components with and without IBG is an attractive form of treatment when 
undertaking fe oral revision su gery in patients with extensive destruction of 
bon . The cidence of post-operative peri-prosthetic fractures is comparable 
with that in the literature, and the survival f these ext ns ve reconstructions is 
satisfactory after a mean f llow-up f nine years in these fragile patients.
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InTRoDUCTIon
Revision of the femoral component following total hip replacement (THR) is 
demanding, as the bone stock is often poor. Weak areas in the femoral cortex, 
which often develop at the tip of the primary prosthesis as a result of the loosening 
process, predispose to peri-prosthetic fracture following revision. According to 
the Swedish Hip Arthroplasty Register, periprosthetic fractures are the third most 
common reason for further surgery following revision.1 The incidence of peri-
prosthetic fractures following revision using cemented components varies between 
2.1% and 2.8%.1,2 Long-stemmed revision femoral components theoretically 
prevent peri-prosthetic fractures by bypassing the weak areas of the cortex.3 One 
such system is the Exeter long-stemmed femoral component (Stryker, Newbury, 
United Kingdom), which was introduced specifically for revision surgery in 1992. 
It is available in lengths of 205 mm, 220 mm, 240 mm and 260 mm.4
In our department, long-stemmed femoral components are used in revision 
surgery under the following circumstances: in patients with extensive destruction 
of bone in the proximal and middle third of the femur; in those with osteolysis at 
the tip of the initial component; after distal intra-operative cortical perforation or 
fracture; and after using a transfemoral Wagner osteotomy to remove the femoral 
component.5
The purpose of this study was to analyse the survival of the Exeter long-
stemmed femoral component following revision hip surgery, and to quantify the 
incidence of postoperative peri-prosthetic fracture.
pATIenTS AnD MeThoDS
This retrospective study was approved by our institutional review board. All patients 
undergoing femoral revision between September 1996 and August 2007 were 
eligible for inclusion, except for those undergoing revision for tumour, which were 
excluded. No patients were excluded based on the extent of pre-operative bone loss.
During the study period, 281 femoral revisions were performed. The Exeter 
long-stemmed femoral component (with a length of at least 205 mm) was used 
in 37 revisions in 37 patients, comprising 13.2% of all revisions. These patients 
formed the study group. All revisions were performed by either BWS or JWMG.
Femoral impaction bone grafting (IBG) was used in 24 patients (65%). 
The remaining 13 either had sufficient bone stock pre-operatively, medical 
comorbidities which contraindicated a prolonged operating time, or were too 
elderly to consider a biological reconstruction.
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ABSTRACT
Background and purpose
Very little has been published on the outcome of femoral cemented revisions using 
a third-generation cementing technique. We report the medium-term outcome of a 
consecutive series of patients treated in this way.
patients and methods
This study included 92 consecutive cemented femoral revisions performed in our 
department with a third-generation cementing technique and without instrumented 
bone impaction grafting between 1996 and 2007. The average age of the patients 
at revision was 66 (25–92) years. None of the patients were lost to follow-up. At 
review in December 2013, 55 patients were still alive and had a non-re-revised 
femoral revision component in situ after a mean follow-up of 11 (5–17) years.
Results
The mean preoperative Harris hip score was 50, and improved to 73 at final follow-
up. 2 patients died shortly after the revision surgery. 1 stem was re-revised for 
aseptic loosening; this was also the only case with radiolucent lines in all 7 Gruen 
zones. A femoral reoperation was performed in 19 hips during followup, and in 14 
of these 19 reoperations the femoral component was re-revised. Survivorship at 
10 years, with femoral re-revision for any reason as the endpoint, was 86% (95% 
CI: 77–92). However, excluding 8 patients with reinfections after septic index 
revisions and 1 with hematogenous spread of infection from the survival analysis, 
the adjusted survival for re-revision for any reason at 10 years was 92% (95% CI: 
83–96). With re-revision for aseptic loosening as endpoint, the survival at 10 years 
was 99% (95% CI: 90–100).
Interpretation
Femoral component revision with a third-generation cemented stem results in 
acceptable survival after medium-term follow-up. We recommend the use of this 
technique in femoral revisions with limited loss of bone stock.
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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Results
7he PeDQ SreRSerDtiYe +Drris hiS sFRre ZDs  DQG iPSrRYeG tR  Dt ¿QDl IRllRZ
up. 2 patients died shortly after the revision surgery. 1 stem was re-revised for 
DseStiF lRRseQiQJ this ZDs DlsR the RQl\ FDse Zith rDGiRluFeQt liQes iQ Dll  *rueQ 
zones. A femoral reoperation was performed in 19 hips during followup, and in 14 
of these 19 reoperations the femoral component was re-revised. Survivorship at 
10 years, with femoral re-revision for any reason as the endpoint, was 86% (95% 
&,: ± +RZeYer e[FluGiQJ  SDtieQts Zith reiQIeFtiRQs DIter seStiF iQGe[ 
revisions and 1 with hematogenous spread of infection from the survival analysis, 
the DGMusteG surYiYDl IRr rereYisiRQ IRr DQ\ reDsRQ Dt  \eDrs ZDs   &,: 
83–96). With re-revision for aseptic loosening as endpoint, the survival at 10 years 
ZDs   &,: ±
Interpretation
Femoral component revision with a third-generation cemented stem results in 
acceptable survival after medium-term follow-up. We recommend the use of this 
technique in femoral revisions with limited loss of bone stock.
87
Femoral revis ons using a third-generation cementing technique
6
InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pres urization of 
an adequate amount of cement are s ential steps for improvement of the outcome 
of emoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 39  hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacu m-mixed low-viscosity cement with a cement gun, 
and solid pres urization) is still po rly documented. Only 2 groups have reported 
their esults: 1 study was based on 34 hips after a mean follow-up of 1 .3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department betwe n January 
19 6 and December 20 7.
pATIenTS AnD MeThoDS
All surgeries were performed betwe n January 19 6 and December 20 7. All data 
were collected prospectively. The inclusion proces  for this study is shown in 
Figure 1.
At our insti ution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock los  preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this tudy. Osteoarthrit s was the most common reason for the primary 
arthroplasty and aseptic lo sening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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women) with a mean age of 66 (25–92) years. The average weight of the patients 
was 73 (40–116) kg, their average height was 168 (147–198) cm, and their average 
body mass index (BMI) was 26 (15–44).
The index femoral revision was the first in 79 of the cases, the second in 11, and 
the third in 2. In 69 hips, the surgery performed was a revision of both components 
of the THA, in 10 hips only the stem of the THA was revised, and in the remaining 
13 hips a conversion of a hemiarthroplasty to THA with exchange of the femoral 
component was performed. 87 of the 92 revision operations were performed by 1 
of the 2 senior faculty surgeons (JWMG and BWS). 25 of the 29 hips with septic 
loosening were treated with a 2-stage procedure, using systemic antibiotics to 
eradicate the infecting organism for at least 6 weeks before reimplantation. The 
diagnosis septic loosening in the remaining 4 hips was based postoperatively on 
bacterial cultures taken during a 1-stage revision for presumed aseptic loosening.
Because many infections that occurred during follow-up after a septic index 
revision were multi-microbial, in most cases it was impossible to state whether 
this was a new infection with a different organism or a persistent infection with 
the same organism. We therefore used the following definition of reinfection in 
this study: all infections (persistent infection with the same organism, infection 
figure 1
The flow chart showing the identification of eligible patients for the study. aProximal femoral replacement 
prosthesis placed for oncologic reasons or because the bone stock loss was too extensive to perform a 
conventional revision.
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revision were multi-microbial, in most cases it was impossible to state whether 
this was a new infection with a different organism or a persistent infection with 
the same organism. We therefore used the following definition of reinfection in 
this study: all infections (persistent infection with the same organism, infection 
figure 1
The flow chart showing the identification of eligible patients for the study. aProximal femoral replacement 
prosthesis placed for oncologic reasons or because the bone stock loss was too extensive to perform a 
conventional revision.
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with a new organism, or multi-microbial infection) in a patient who was included 
in the study with a septic index revision.
Surgical technique
The posterolateral approach was used in all patients. All revision femoral 
components were inserted using a third-generation cementing technique with 
pulsatile lavage, a distal intramedullary plug, retrograde injection of vacuum-
mixed low-viscosity cement with a cement gun, and solid pressurization. The 
components used were 78 normal-length femoral components: 76 Exeter stems 
(Stryker-Howmedica, Newbury, UK), 1 Muller straight stem (Sulzer, Wintherthur, 
Switzerland), and 1 Charnley Elite femoral component (DePuy, Leeds, UK). In 
addition, 13 long Exeter femoral components with a length of 205 mm or more 
and 1 Exeter short revision stem were used. The metal femoral heads had a 
diameter of 22.2 mm in 1 patient, 28 mm in 65 patients, and 32 mm in 26 patients. 
Simplex bone low-viscosity cement (Stryker-Howmedica, Newbury, UK) loaded 
with erythromycin and colistin was used in all cases.
Aftercare
Patients were mobilized under the supervision of a physiotherapist 1 or 2 days 
after surgery using 2 crutches, and full weight bearing immediately allowed. This 
protocol was modified for some patients who also had an acetabular reconstruction, 
depending on the type and extent of the defect and reconstruction.
Indication of the primary THA’s / hemi-arthroplasties number percentage
Primary osteoarthritis 31 34%
Congenital hip dysplasia 15 16%
Trauma 16 17%
Rheumatoid arthritis 11 12%
Osteonecrosis 8 9%
Miscellaneous causes 4 4%
Unknown 7 8%
Indication for the revisions number percentage
Aseptic loosening 44 48%
Septic loosening 29 31%
Dislocation 6 7%
Malposition femoral component 6 7%
Ankylosis 3 3%
Protrusio head hemi-arthroplasty 2 2%
Trauma 2 2%
Table I
Original indications for the 92 primary THA’s / hemi-arthroplasties and revisions.
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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women) with a mean age of 66 (25–92) years. The average weight of the patients 
was 73 (40–116) kg, their average height was 168 (147–198) cm, and their average 
body mass index (BMI) was 26 (15–44).
7he iQGe[ IePRrDl reYisiRQ ZDs the ¿rst iQ  RI the FDses the seFRQG iQ  DQG 
the third in 2. In 69 hips, the surgery performed was a revision of both components 
of the THA, in 10 hips only the stem of the THA was revised, and in the remaining 
13 hips a conversion of a hemiarthroplasty to THA with exchange of the femoral 
component was performed. 87 of the 92 revision operations were performed by 1 
RI the  seQiRr IDFult\ surJeRQs -:0* DQG %:6  RI the  hiSs Zith seStiF 
loosening were treated with a 2-stage procedure, using systemic antibiotics to 
eradicate the infecting organism for at least 6 weeks before reimplantation. The 
diagnosis septic loosening in the remaining 4 hips was based postoperatively on 
bacterial cultures taken during a 1-stage revision for presumed aseptic loosening.
Because many infections that occurred during follow-up after a septic index 
revision were multi-microbial, in most cases it was impossible to state whether 
this was a new infection with a different organism or a persistent infection with 
the sDPe RrJDQisP :e thereIRre useG the IRllRZiQJ Ge¿QitiRQ RI reiQIeFtiRQ iQ 
this stuG\: Dll iQIeFtiRQs SersisteQt iQIeFtiRQ Zith the sDPe RrJDQisP iQIeFtiRQ 
figure 1
The flow chart showing the identification of eligible patients for the study. aProximal femoral replacement 
prosthesis placed for oncologic reasons or because the bone stock loss was too extensive to perform a 
conventional revision.
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women) with a mean age of 66 (25–92) years. The average weight of the patients 
was 73 (40–116) kg, their average height was 168 (147–198) cm, and their average 
body mass index (BMI) was 26 (15–44).
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the third in 2. In 69 hips, the surgery performed was a revision of both components 
of the THA, in 10 hips only the stem of the THA was revised, and in the remaining 
13 hips a conversion of a hemiarthroplasty to THA with exchange of the femoral 
component was performed. 87 of the 92 revision operations were performed by 1 
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loosening were treated with a 2-stage procedure, using systemic antibiotics to 
eradicate the infecting organism for at least 6 weeks before reimplantation. The 
diagnosis septic loosening in the remaining 4 hips was based postoperatively on 
bacterial cultures taken during a 1-stage revision for presumed aseptic loosening.
Because many infections that occurred during follow-up after a septic index 
revision were multi-microbial, in most cases it was impossible to state whether 
this was a new infection with a different organism or a persistent infection with 
the sDPe RrJDQisP :e thereIRre useG the IRllRZiQJ Ge¿QitiRQ RI reiQIeFtiRQ iQ 
this stuG\: Dll iQIeFtiRQs SersisteQt iQIeFtiRQ Zith the sDPe RrJDQisP iQIeFtiRQ 
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The flow chart showing the identification of eligible patients for the study. aProximal femoral replacement 
prosthesis placed for oncologic reasons or because the bone stock loss was too extensive to perform a 
conventional revision.
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with a new organism, or multi-microbial infecti n) in a patient who was included 
in the study with a septic index revision.
Surgical echnique
The posterolat ral approach was used in all patients. All revision femor l 
components w re inserted using a third-generation cementing technique with 
pulsatile lavage, a distal intramedullary plug, retrograde injection of vacuum-
mixed low-viscosity cement with a cement gun, and solid pressurization. The 
components used wer  78 normal-length femoral components: 76 Exeter stems 
(Stryker-Howmedica, Newbury, UK), 1 Muller straight stem (Sulzer, Wintherthur, 
Switzerland), and 1 Charnley Elite f moral component ( Puy, Leeds, UK). In 
addition, 13 long Exet r femoral components with a length of 205 mm or more 
and 1 Exeter short revision stem were used. The metal femoral heads had a 
diame er of 22.2 mm in 1 patient, 28 mm in 65 patients, and 32 mm in 26 patients. 
Simpl x bone low-viscosity cement (Stryker-Howmedic , Newbury, UK) load d 
with erythromycin and colistin was used in all cases.
Aftercare
Patients w re mobilized under the supervision of a physioth rapi  1 or 2 days 
after surgery using 2 crutches, and full weight bearing i medi tely allow d. This 
pro oc l was mo ified for s m  patients w o als  had an acetabular reconstruction, 
depending on th type and extent of the d f ct and reconstruction.
Indication of the primary THA’s / hemi-arthroplasties number percentage
Primary osteoarthritis 31 34%
Congenital hip dysplasia 15 16%
Trauma 16 17%
Rheumatoid arthritis 11 12%
Osteonecrosis 8 9%
Miscellaneous causes 4 4%
Unknown 7 8%
Indication for the revisions number percentage
Aseptic loosening 44 48%
Septic loosening 29 31%
Dislocation 6 7%
Malposition femoral component 6 7%
Ankylosis 3 3%
Protrusio head hemi-arthroplasty 2 2%
Trauma 2 2%
Table I
Original indications for the 92 primary THA’s / hemi-arthroplasties and revisions.
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The postoperative regimen included systemic antibiotics (3 intravenous doses 
of 1g cefazolin) for 1 day and indomethacin for 7 days to prevent heterotopic 
ossification. All patients received anticoagulation with Coumadin (warfarin) or 
low-molecular-weight heparin for venous thromboembolism prophylaxis for a 
minimum of 6 weeks.
Clinical evaluation
A standard postoperative follow-up protocol was used, with physical and 
radiographic examination at 6 weeks, 3 months, 6 months, and 1 year, and then on 
an annual or biannual basis.
Clinical evaluation was performed using the Harris hip score (HHS: worst 
score 0; best score 100), the Oxford hip scores (OHS: worst score 60; best score 
12),11 visual analog scales (VAS)12 for pain at rest and during physical activity on 
a scale from 0 (no pain) to 100 (unbearable pain), and a VAS for satisfaction on a 
scale from 0 (not satisfied at all) to 100 (complete satisfaction).
Radiographic evaluation
Anteroposterior radiographs taken during the last follow-up were evaluated 
and compared with earlier postoperative and preoperative radiographs. The 
radiographs were scored by 2 of the authors (MTS and BWS) by consensus. 
Bone stock loss was determined on preoperative radiographs and on the basis 
of the intraoperative findings, and was classified according to the system of the 
Endoklinik13 as grade 1 in 70 hips, grade 2 in 9, grade 3 in 12, and grade 4 in 1. To 
determine the stem migration, we used a method as described by Fowler et al;14 
radiolucencies (complete radiolucent lines ≥ 2 mm in width) were scored with 
use of the classification system of Gruen. Radiographic failure was defined as a 
circumferential radiolucent line in all 7 Gruen zones on an anteroposterior view.
Statistics
We performed a Kaplan-Meier survivorship analysis, including determination of 
95% confidence intervals (CIs), using femoral re-revision for any reason and re-
revision for aseptic loosening, femoral reoperation for any reason, and subsidence 
of ≥ 5 mm as the endpoints. Comparisons of the survival of the different Endoklinik 
groups, and of the standard stems and the long stems, were performed with the 
log-rank test. We used the Wilcoxon signed rank test to compare the preoperative 
and postoperative HHS and OHS.
Analysis of the data was carried out using Graphpad Prism software version 
5.03 (Graphpad Software Inc., La Jolla, CA).
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ethics
This study was approved by our institutional review board.
ReSUlTS
Clinical results
The mean preoperative HHS was 50 (29–90), and it improved to 73 (14–100) at 
IiQDl IRllRZuS S    7he PeDQ SreRSerDtiYe 2+6 ZDs  ± DQG it 
improved to 25 (12–48) (p = 0.007). At last follow up, the mean VAS score 
for satisfaction was 77 (15–100), the mean VAS score for pain at rest was 15 (0–
80), and the mean VAS score for pain during exercise was 21 (0–90).
Intra-operative complications
1 intraoperative femoral fracture occurred during a full-length transfemoral 
Wagner osteotomy to remove an uncemented stem. This fracture was treated with 
SlDte ¿[DtiRQ DQG FDEles
(arly post-operative deaths
2 patients died within 2 weeks after revision surgery. Both were octogenerians and 
hDG DQ $6$ FlDssi¿FDtiRQ RI JrDGe  7he ¿rst SDtieQt ZDs DGPitteG tR Rur hRsSitDl 
after a fall, which caused a Vancouver type-B2 fracture. The patient developed 
luQJ eGePD GuriQJ surJer\ DQG GieG RQ the ¿rst SRstRSerDtiYe GD\ 7he seFRQG 
patient was admitted for unbearable pain due to protrusion of a hemiarthroplasty. 
The patient had congestive heart failure before surgery and died 13 days after 
surgery, due to cardiac failure.
)emoral re-operations and re-revisions
In 19 hips, a femoral reoperation was performed during follow-up, and in 14 of 
these 19 reoperations the femoral component was re-revised. The main reasons 
for these femoral reoperations were infection (n = 13) and periprosthetic fracture 
(n = 3) (Table II).
Survivorship
The survival of the femoral component with re-revision for any reason as the 
eQGSRiQt ZDs   &,: ± Dt  \eDrs :ith IePRrDl rereYisiRQ IRr 
DseStiF lRRseQiQJ Ds the eQGSRiQt the surYiYDl Dt  \eDrs ZDs   &,: 
90–100), and with femoral reoperation for any reason as the endpoint it was 79% 
 &,: ± :ith D suEsiGeQFe RI the IePRrDl FRPSRQeQt RI   PP Ds the 
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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The postoperative regimen included systemic antibiotics (3 intravenous doses 
of 1g cefazolin) for 1 day and indomethacin for 7 days to prevent heterotopic 
Rssi¿FDtiRQ $ll SDtieQts reFeiYeG DQtiFRDJulDtiRQ Zith &RuPDGiQ ZDrIDriQ Rr 
low-molecular-weight heparin for venous thromboembolism prophylaxis for a 
minimum of 6 weeks.
Clinical evaluation
A standard postoperative follow-up protocol was used, with physical and 
radiographic examination at 6 weeks, 3 months, 6 months, and 1 year, and then on 
an annual or biannual basis.
&liQiFDl eYDluDtiRQ ZDs SerIRrPeG usiQJ the +Drris hiS sFRre ++6: ZRrst 
sFRre  Eest sFRre  the 2[IRrG hiS sFRres 2+6: ZRrst sFRre  Eest sFRre 
12),11 visual analog scales (VAS)12 for pain at rest and during physical activity on 
a scale from 0 (no pain) to 100 (unbearable pain), and a VAS for satisfaction on a 
sFDle IrRP  QRt sDtis¿eG Dt Dll tR  FRPSlete sDtisIDFtiRQ
Radiographic evaluation
Anteroposterior radiographs taken during the last follow-up were evaluated 
and compared with earlier postoperative and preoperative radiographs. The 
radiographs were scored by 2 of the authors (MTS and BWS) by consensus. 
Bone stock loss was determined on preoperative radiographs and on the basis 
RI the iQtrDRSerDtiYe ¿QGiQJs DQG ZDs FlDssi¿eG DFFRrGiQJ tR the s\steP RI the 
(QGRNliQiN13 as grade 1 in 70 hips, grade 2 in 9, grade 3 in 12, and grade 4 in 1. To 
determine the stem migration, we used a method as described by Fowler et al;14 
rDGiRluFeQFies FRPSlete rDGiRluFeQt liQes   PP iQ ZiGth Zere sFRreG Zith 
use RI the FlDssi¿FDtiRQ s\steP RI *rueQ 5DGiRJrDShiF IDilure ZDs Ge¿QeG Ds D 
FirFuPIereQtiDl rDGiRluFeQt liQe iQ Dll  *rueQ ]RQes RQ DQ DQterRSRsteriRr YieZ
Statistics
We performed a Kaplan-Meier survivorship analysis, including determination of 
 FRQ¿GeQFe iQterYDls &,s usiQJ IePRrDl rereYisiRQ IRr DQ\ reDsRQ DQG re
revision for aseptic loosening, femoral reoperation for any reason, and subsidence 
RI   PP Ds the eQGSRiQts &RPSDrisRQs RI the surYiYDl RI the GiIIereQt (QGRNliQiN 
groups, and of the standard stems and the long stems, were performed with the 
log-rank test. We used the Wilcoxon signed rank test to compare the preoperative 
and postoperative HHS and OHS.
$QDl\sis RI the GDtD ZDs FDrrieG Rut usiQJ *rDShSDG 3risP sRItZDre YersiRQ 
 *rDShSDG 6RItZDre ,QF /D -RllD &$
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R SUlTS
Clinical results
The m an preoperative HHS was 50 (29–90), and it i proved to 73 (14–100) at 
final follow-up (p = 0.01). The mean preoperative OHS was 37 (25–53), and it 
improved to 25 (12–48) (p = 0.007). At last follow up, the mean VAS score 
for satisfac ion was 77 (15–100), the mean VAS score f r pain t rest wa  15 (0–
80), and the mean VAS scor  for p in during exercise was 21 (0–90).
Intra-operative complicati s
1 intraoperativ  fem ral fracture occurred during a full-leng transf moral 
Wagner osteotomy to remove an uncemented st m. This fractu e was treated wi h 
plate fixation and cables.
E rly post-operative deaths
2 patients died within 2 weeks fter revision surgery. B th wer  octogene ians and 
had an ASA classification of grade 3. The first patient was admitted t  our hospital 
after a fall, which caused a Vancouver type-B2 fracture. The pati nt developed 
lung edema during surgery and died on the first postoperative day. The second 
patient was admitted for unbearable pain due to protrusion of a hemiarthroplasty. 
The patient had congestive heart failure before surgery and died 13 days after 
surgery, due to cardiac failure.
Femoral e-op rations and re-r visions
In 19 hips, a femoral r operation was performed during follow-up, and in 14 of 
these 19 reoperations the femoral component was re-revised. The main reasons 
for these femoral reoperations wer  infection (n = 13) a d per prosthet c fractur  
(n = 3) (Table II).
Survivorship
The survival of the femoral component with re-revision for any r ason as he 
endpoi t was 86% (95% CI: 77–92) at 10 years. With femoral re-rev sion for 
aseptic loosening as the endpoint, the survival a 10 years was 99% (95% CI: 
90–100), and with femora  reoperation for any reas n as the ndpoint i  was 79% 
(95% CI: 68–86). With a subsidence of the femoral component of ≥ 5 mm as the 
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)emoral reoperations in which the femoral component was re-revised during the follow-up
Pt. Revision indication  First femoral re-revision / 
reoperation
FU Later femoral re-revision / 
reoperation
FU
1 Septic loosening Loosening cup + femoral 
mismatch
14.12
2 Malpositioning stem Debridement infection* 2.64 Permanent excision 
arthroplasty
4.71
3 Aseptic loosening Refixation pseudoarthrosis 
greater trochanter
9.07 Two-stage re-revision 
infection (hematogenous 
spread after open ankle 
fracture)@
10.12
4 Aseptic loosening Permanent excision arthroplasty 
infection*
2.66
5 Septic loosening Two-stage rerevision infection# 2.05
6 Malpositioning stem Permanent excision arthroplasty 
infection*
4.12
7 Septic loosening Permanent excision arthroplasty 
infection#
1.62
8 Septic loosening Permanent excision arthroplasty 
infection#
1.05
9 Septic loosening Permanent excision arthroplasty 
infection#
3.81
10 Septic loosening Two-stage revision infect# 2.59
11 Recurrent dislocations Femoral component reimplanted 
1.5 cm higher for recurrent 
dislocations
0.80
12 Septic loosening Plate fixation spontaneous 
periprosthetic fracture
3.84 Re-revision femoral 
component for 
pseudoarthrosis 
periprosthetic fracture
4.66
13 Aseptic loosening Debridement infection* 0.11 Re-revision for aseptic 
loosening
6.23
14 Septic loosening Permanent excision arthroplasty 
infection#
0.48
)emoral reoperations in which the femoral component could be retained during the follow-up
Pt. Revision indication  First femoral reoperation FU Later femoral reoperation FU
15 Septic loosening Debridement infection# 0.05
16 Septic loosening Debridement infection# 0.04
17 Aseptic loosening Plate fixation periprosthetic 
fracture after fall
0.56
18 Aseptic loosening Plate fixation periprosthetic 
fracture after fall
5.78
19 Septic loosening Reconstruction of fissure greater 
trochanter during cup revision
0.55
Table II
,n  hips . one or more femoral reoperations were performed. ,n  of these cases a re-revision of 
the femoral component was performed ..
3t.   patient )8   follow-up in \ears from inde[ femoral revision
   new infection    reinfection after a previous septic inde[ revision #   hematogenous spread infection
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endpoint, the survival was 98% (95% CI: 91–99) (Fig. 2).
No statistically significant differences in outcomes could be detected between 
the various Endoklinik categories of bone stock loss and between stem lengths.
Finally, we performed a sensitivity analysis to assess the effect of the bilateral 
hips in 2 patients. When we excluded these 4 hips from our survivorship analysis, 
the survival of the femoral component at 10 years with re-revision for any reason 
as the endpoint was similar to the survival outcome in the complete patient group.
3ost-operative periprosthetic fractures
A reoperation for plate fixation of a post-operative periprosthetic femoral fracture 
was performed in 3 patients (nos. 12, 17, and 18 in Table II).
3ost-operative infections
A femoral reoperation and/or re-revision was performed in 13 patients for septic 
Figure 2
.aplan-0eier survival curves Zith re-revision of the femoral component for A any reason % aseptic 
loosening & femoral reoperation for any reason ' or suEsidence of   mm as the endpoint.
)ig. 2-& )ig. 2-'
)ig. 2-A )ig. 2-%
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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reoperation
FU
1 Septic loosening Loosening cup + femoral 
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2 Malpositioning stem Debridement infection* 2.64 Permanent excision 
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3 Aseptic loosening Refixation pseudoarthrosis 
greater trochanter
9.07 Two-stage re-revision 
infection (hematogenous 
spread after open ankle 
fracture)@
10.12
4 Aseptic loosening Permanent excision arthroplasty 
infection*
2.66
5 Septic loosening Two-stage rerevision infection# 2.05
6 Malpositioning stem Permanent excision arthroplasty 
infection*
4.12
7 Septic loosening Permanent excision arthroplasty 
infection#
1.62
8 Septic loosening Permanent excision arthroplasty 
infection#
1.05
9 Septic loosening Permanent excision arthroplasty 
infection#
3.81
10 Septic loosening Two-stage revision infect# 2.59
11 Recurrent dislocations Femoral component reimplanted 
1.5 cm higher for recurrent 
dislocations
0.80
12 Septic loosening Plate fixation spontaneous 
periprosthetic fracture
3.84 Re-revision femoral 
component for 
pseudoarthrosis 
periprosthetic fracture
4.66
13 Aseptic loosening Debridement infection* 0.11 Re-revision for aseptic 
loosening
6.23
14 Septic loosening Permanent excision arthroplasty 
infection#
0.48
Femoral reoperations in which the femoral component could be retained during the follow-up
Pt. Revision indication  First femoral reoperation FU Later femoral reoperation FU
15 Septic loosening Debridement infection# 0.05
16 Septic loosening Debridement infection# 0.04
17 Aseptic loosening Plate fixation periprosthetic 
fracture after fall
0.56
18 Aseptic loosening Plate fixation periprosthetic 
fracture after fall
5.78
19 Septic loosening Reconstruction of fissure greater 
trochanter during cup revision
0.55
Table II
In 19 hips (20.7%) one or more femoral reoperations were performed. In 14 of these cases a re-revision of 
the femoral component was performed (15.2%).
Pt. = patient; FU = follow-up in years from index femoral revision
* = new infection; # = reinfection after a previous septic index revision; @ = hematogenous spread infection
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endpoint, the survival was 98% (95% CI: 91–99) (Fig. 2).
No statistically significant differences in outcomes could be detected between 
the various Endoklinik categories of bone stock loss and between stem lengths.
Finally, we performed a sensitivity analysis to assess the effect of the bilateral 
hips in 2 patients. When we excluded these 4 hips from our survivorship analysis, 
the survival of the femoral component at 10 years with re-revision for any reason 
as the endpoint was similar to the survival outcome in the complete patient group.
Post-operative periprosthetic fractures
A reoperation for plate fixation of a post-operative periprosthetic femoral fracture 
was performed in 3 patients (nos. 12, 17, and 18 in Table II).
Post-operative infections
A femoral reoperation and/or re-revision was performed in 13 patients for septic 
Figure 2
Kaplan-Meier survival curves with re-revision of the femoral component for A) any reason, B) aseptic 
loosening, C) femoral reoperation for any reason, D) or subsidence of ≥ 5 mm as the endpoint.
Fig. 2-C Fig. 2-D
Fig. 2-A Fig. 2-B
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reasons (patients 2–10 and 13–16 in Table II). However, 8 of these 13 patients 
had reinfections after septic index revisions and 1 had a hematogenous spread 
of infection (originating from an infected open ankle fracture; patient 3 in Table 
II). When we excluded these 9 patients from the survival analysis, the adjusted 
survival for re-revision for any reason at 10 years was 92% (95% CI: 83–96), 
while the survival for reoperation for any reason was 89% (95% CI: 79–94).
Dislocations
Dislocations occurred in 12 patients. 9 of these were treated nonoperatively and 
a reoperation was performed in 3 patients: in 1 patient a re-revision of only the 
acetabular component was performed, in 1 a Trident constrained liner (Stryker-
Howmedica, Newbury, UK) was implanted, and in the last patient (no. 11 in Table 
II) the femoral component was reimplanted 1.5 cm higher using a cement-in-
cement technique. 1 patient had the femoral head exchanged for one with a larger 
offset.
figure 3
$) $ 4-year-old woman at presentation with a loose cemented hemiarthroplasty with protrusion of the 
head. B) Directly after the conversion to a total hip arthroplasty (the acetabulum was reconstructed with 
metal meshes and bone impaction grafting). C) 11 years postoperatively, showing a stable femoral and 
acetabular component without any signs of loosening.
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Radiographic results
Radiographic follow-up was complete in 76 revisions (Figure 3), and in 16 
revisions some radiographs during follow-up were missing. Even so, we could 
include these patients in the analysis. Radiolucent lines were observed in 24 hips. 
11 patients had radiolucent lines in 1 Gruen zone, 8 patients in 2 zones, and 5 
patients in 3 or more zones. In 18 of the 24 hips, these radiolucent lines were 
progressive. The femoral component which was re-revised for aseptic loosening 
was the only one with radiolucent lines in all 7 zones. The mean amount of 
subsidence of all femoral components was 1.5 (range 0–23) mm. 2 femoral 
components had subsided by ≥ 5 mm (13 and 23 mm).
DISCUSSIon
With a 10-year survivorship of 99% for the endpoint re-revision for aseptic 
loosening, our study shows that satisfying results can be obtained in femoral 
revisions using a third-generation cementing technique.
The 10-year survivorship of 86% for the endpoint re-revision for any reason, and 
79% for the endpoint reoperation for any reason, are considerably less favorable 
than the survival for aseptic loosening. The reason for this could be that we are 
a tertiary referral center for the treatment of periprosthetic joint infections, and 
a considerable proportion of the index femoral revisions performed were septic 
revisions (29 of 92 cases). When we excluded the 8 patients with reinfections after 
septic index revisions and the 1 patient with hematogeneous spread of infection 
from the survival analysis, the adjusted survival for re-revision for any reason at 
10 years was 92%, while the survival for reoperation for any reason was 89%. Our 
survival rates are comparable to those reported in other series (Table III).4-8
Our dislocation rate of 13% is high, but is similar to the 11% found by 
Alberton et al15 in a review of the literature that covered 26 reports describing 211 
dislocations (11%, range: 0–54%) after 1,856 revision procedures. Also, Howie et 
al7 found a high dislocation rate of 14% after 6 years of follow-up. However, in all 
these studies most of the femoral heads used were 32 mm or smaller. Recent large 
register studies on primary THAs have shown that the use of larger femoral heads 
reduces the number of dislocations.16,17 In addition to this, a recent prospective, 
randomized study by Garbuz et al18 comparing dislocation rates between revision 
THAs performed using 36-mm and 40-mm heads with those performed with a 32-
mm head found a dislocation rate of 1% with 36-mm/40-mm heads and 8.7% with 
a 32-mm head. Their study was prematurely terminated in light of these stunning 
findings. Nevertheless, stability advantages in increasing the head diameter 
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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reasons (patients 2–10 and 13–16 in Table II). However, 8 of these 13 patients 
had reinfections after septic index revisions and 1 had a hematogenous spread 
of infection (originating from an infected open ankle fracture; patient 3 in Table 
II). When we excluded these 9 patients from the survival analysis, the adjusted 
surYiYDl IRr rereYisiRQ IRr DQ\ reDsRQ Dt  \eDrs ZDs   &,: ± 
Zhile the surYiYDl IRr reRSerDtiRQ IRr DQ\ reDsRQ ZDs   &,: ±
Dislocations
Dislocations occurred in 12 patients. 9 of these were treated nonoperatively and 
D reRSerDtiRQ ZDs SerIRrPeG iQ  SDtieQts: iQ  SDtieQt D rereYisiRQ RI RQl\ the 
acetabular component was performed, in 1 a Trident constrained liner (Stryker-
Howmedica, Newbury, UK) was implanted, and in the last patient (no. 11 in Table 
II) the femoral component was reimplanted 1.5 cm higher using a cement-in-
cement technique. 1 patient had the femoral head exchanged for one with a larger 
offset.
figure 3
A) A 43-year-old woman at presentation with a loose cemented hemiarthroplasty with protrusion of the 
head. B) Directly after the conversion to a total hip arthroplasty (the acetabulum was reconstructed with 
metal meshes and bone impaction grafting). C) 11 years postoperatively, showing a stable femoral and 
acetabular component without any signs of loosening.
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Radiographic results
Radiographic follow-up was complete in 76 revisions (Figure 3), and in 16 
revisions some radiographs during follow-up were missing. Even so, we could 
include these patients in th  analysis. Radiolucent lines were observed in 24 hips. 
11 patients had r diolucent lines in 1 Gruen zone, 8 patients in 2 zones, nd 5 
patients in 3 or m r  zones. In 18 of the 24 hips, these radiolucent lines were 
progr ssive. The femoral component which was re-revised for aseptic looseni g 
was th  only one with radiolucent lines in all 7 zones. The mean am nt of 
subsidence of all f moral components was 1.5 (range 0–23) mm. 2 femoral 
component  had subsided by ≥ 5 mm (13 and 23 mm).
DISCUSSIon
With a 10-year survivorship of 99% for the endpoint r -revision for aseptic 
loosening, our study show  that satisfying results can be obtained in fem al 
revision  sing a third-generation cementing technique.
The 10-year survivo ship of 86% for the endpoint re-revision fo  any reason, and 
79% for the endpoint reoperation for any reason, are considerably less favorable 
than th  survival for asept c loosening. The re son for this could be that we are 
a tertiary referral center for the treatment of p riprosthetic joint infections, and 
a considerable proportion of the ind x femoral revisions perform d w re septic 
revisions (29 of 92 cases). When we excluded the 8 patients with reinfections after 
septic index revisions and the 1 patient with hematogeneous spread of infection 
from the survival analysis, the adjusted survival for re-revision for any reason at 
10 years was 92%, while the survival for reoperation for any reason was 89%. Our 
survival rates are comparable to those reported in other series (Table III).4-8
Our dislocation rate of 13% is high, but is similar to the 11% found by 
Alberton et al15 in a review of the literature that covered 26 reports escribing 211 
dislocations (11%, range: 0–54%) after 1,856 revision procedures. Also, Howie et 
al7 found a high disl cation rate of 14% a ter 6 years of follow-up. However, in all 
these studies mos  of the heads used were 32 mm or smaller. Recent large 
register studies on primary THAs have shown that the use of larger femoral heads 
reduc s th  number of dislocations.16,17 In additio  to this, a recent prospective, 
randomized study by Garbuz et al18 comparing dislocation rat s between revision 
THAs performed using 36-mm and 40-mm heads with th se perf rmed with a 32-
mm head found a dislocation ra e of 1% wit  36-mm/40-mm heads and 8.7% with 
a 32-mm head. Their s udy was prematurely terminated in light f these stunning 
findings. Nev rtheless, stability advantag s in increasing the head diamet r 
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
96
Chapter 6
St
ud
y
Nu
m
be
r 
of
 h
ips
 / 
pa
tie
nt
s &
 
se
x
Ge
ne
ra
tio
n 
ce
m
en
tin
g 
te
ch
niq
ue
 u
se
d 
/  
fix
at
io
n 
m
et
ho
d 
un
ce
m
en
te
d 
ste
m
Ag
e 
at
 su
r-
ge
ry
 (y
ea
rs
 
wi
th
 ra
ng
e)
Le
ng
th
 o
f u
se
d 
im
-
pla
nt
s
Fo
llo
w-
up
 
len
gt
h 
(y
ea
rs
 
wi
th
 
ra
ng
e)
Su
rv
ivo
rs
hip
Po
sto
pe
ra
tiv
e 
co
m
-
pli
ca
tio
ns
Ce
m
en
te
d 
fe
m
or
al 
re
vis
ion
s 
wi
th
ou
t b
on
e 
im
pa
cti
on
 
gr
af
tin
g
Ra
ut
 
(1
99
6)
4
39
9 
/ 2
83
14
9 
F
25
0 
M
2n
d  
65 (2
9-
92
)
Al
l s
ta
nd
ar
d 
ste
m
s
7.
4 
(3
-N
S)
94
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
92
%
 ra
dio
log
ica
l s
te
m
 lo
os
en
ing
0.
8%
 fr
ac
tu
re
1.
7%
 d
isl
oc
at
ion
0.
5%
 in
fe
cti
on
Gr
am
ko
w 
(2
00
1)
5
84
 / 
81
54
 F
27
 M
2n
d
69
 
(3
9-
88
)
Al
l lo
ng
 st
em
s (
21
0-
34
0m
m
)
11
.4
 (7
.9
-
15
.0
)
81
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
78
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
4.
9%
 fr
ac
tu
re
NS
 d
isl
oc
at
ion
 &
 
inf
ec
tio
n
Ha
yd
on
 
(2
00
4)
6
97
 / 
NS
42
 F
55
 M
1s
t  +
 2
nd
 +
 3
rd
68
 
(3
9-
86
)
41
 st
em
s <
21
0m
m
56
 st
em
s 2
10
m
m
10
.3
 
(5
-2
3.
2)
91
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
87
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
2.
1%
 fr
ac
tu
re
3.
1%
 d
isl
oc
at
ion
 N
S 
inf
ec
tio
n
Ho
wi
e 
(2
00
7)
7
21
9 
/ 2
11
12
1 
F
98
 M
2n
d
72
 
(3
0-
90
)
82
 st
an
da
rd
 st
em
s
13
7 
lon
g 
ste
m
s
6 (2
-1
8)
98
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g 
lon
g 
ste
m
s, 
93
%
 st
an
da
rd
 st
em
s
1.
4%
 fr
ac
tu
re
13
.7
%
 d
isl
oc
at
ion
3.
2%
 in
fe
cti
on
So
 (2
01
3)
8
34
 / 
33
29
 F
4 
M
3rd
64
 
(5
3-
78
)
Al
l lo
ng
 st
em
s (
m
ea
n 
ste
m
 le
ng
th
 1
76
m
m
 
(1
40
-2
50
))
11
.3
 
(9
-1
5)
10
0%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
87
%
 ra
dio
log
ica
l s
te
m
 lo
os
en
ing
2.
9%
 fr
ac
tu
re
11
.7
%
 d
isl
oc
at
ion
NS
 in
fe
cti
on
Ce
m
en
te
d 
fe
m
or
al 
re
vis
ion
s 
wi
th
 b
on
e 
im
pa
cti
on
 
gr
af
tin
g
Or
ns
te
in 
(2
00
9)
20
13
05
 / 
11
88
65
0 
F
53
8 
M
3rd
71 (2
9-
94
)
10
81
 st
an
da
rd
 st
em
s
14
5 
lon
g 
ste
m
s
79
 u
nk
no
wn
8.
1 
(5
-1
8)
99
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
94
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
2.
5%
  f
ra
ctu
re
 +
 
inf
ec
tio
n
NS
 d
isl
oc
at
ion
Ga
rc
ia-
Ci
m
-
br
elo
 
(2
01
1)
21
81
/7
9
48
 F
33
 M
3rd
64
 
(3
1-
83
)
69
 st
an
da
rd
 st
em
s
12
 lo
ng
 st
em
s
10
.4
 
(5
-1
7)
99
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
10
0%
 re
-o
pe
ra
tio
n 
fo
r a
ny
 re
as
on
 
(G
ra
de
 2
), 
81
%
 (G
ra
de
 3
) a
nd
 7
1%
 
(G
ra
de
 4
)
7.
4%
 fr
ac
tu
re
NS
 d
isl
oc
at
ion
1.
2%
 in
fe
cti
on
Ta
bl
e 
III
R
es
ul
ts
 o
f 
st
u
d
ie
s 
w
it
h 
a 
m
in
im
um
 m
ea
n 
fo
llo
w
-u
p 
o
f 
fi
ve
 y
ea
rs
 o
n 
fe
m
o
ra
l 
re
vi
si
o
n
s 
u
si
n
g 
ce
m
en
te
d 
fe
m
o
ra
l 
co
m
p
o
n
en
ts
 w
it
h 
an
d 
w
it
h
o
u
t 
b
o
n
e 
im
p
ac
ti
o
n 
gr
af
tin
g 
an
d 
un
ce
m
en
te
d 
fe
m
or
al
 c
om
po
ne
nt
s.
97
Femoral revis ons using a third-generation cementing technique
6
La
m
be
rto
n
(2
01
1)
22
54
0 
/ 4
87
29
7 
F
24
3 
M
NS
70
 
(3
1-
95
)
47
3 
sta
nd
ar
d 
ste
m
s
67
 lo
ng
 st
em
s
6.
7 
(2
-1
5)
98
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
84
%
 re
-o
pe
ra
tio
n 
fo
r a
ny
 re
as
on
5.
4%
 fr
ac
tu
re
4.
1%
 d
isl
oc
at
ion
3.
9%
 in
fe
cti
on
Te
 S
tro
et
 
(2
01
2)
23
33
 / 
33
24
 F
9 
M
3rd
63
 
(3
3-
82
)
Al
l s
ta
nd
ar
d 
ste
m
s
17
 
(1
5-
20
)
10
0%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
96
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
9.
1%
 fr
ac
tu
re
0%
 d
isl
oc
at
ion
0%
 in
fe
cti
on
Ga
rv
in 
(2
01
3)
24
78
 / 
71
32
 F
39
 M
NS
67
 
(3
3-
84
)
51
 st
an
da
rd
 st
em
s
27
 lo
ng
 st
em
s
12
.8
 
(1
0-
18
.8
)
98
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
93
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
3.
8%
 fr
ac
tu
re
2.
6%
 d
isl
oc
at
ion
2.
6%
 in
fe
cti
on
Un
ce
m
en
te
d 
fe
m
or
al 
re
vis
ion
s
Ad
olp
hs
on
 
(2
00
9)
25
22
 / 
22
NS
 F
NS
 M
Pr
ox
im
all
y 
po
ro
us
-c
oa
te
d
69
 
(5
5-
80
)
St
an
da
rd
 st
em
s a
nd
 
lon
g 
ste
m
s (
nu
m
be
rs
 
NS
)
6 (2
.5
-1
3)
10
0%
 su
rv
iva
l (
 n
o 
loo
se
nin
g)
4.
5%
 fr
ac
tu
re
27
%
 d
isl
oc
at
ion
0%
 in
fe
cti
on
M
uir
-
he
ad
-A
l-
lw
oo
d 
(2
01
0)
26
15
8 
/ 1
58
61
 F
97
 M
St
an
da
rd
 st
em
 
pr
ox
im
all
y H
A 
co
at
ed
, lo
ng
 
ste
m
 to
ta
l H
A 
co
at
ed
63
 
(3
5-
86
)
Al
l C
AD
/C
AM
 st
an
-
da
rd
 st
em
s a
nd
 lo
ng
 
ste
m
s (
nu
m
be
rs
 N
S)
10
.8
 
(1
0-
12
)
97
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
 
0.
6%
 fr
ac
tu
re
1.
3%
 d
isl
oc
at
ion
0%
 in
fe
cti
on
Am
an
at
ul-
lah
 (2
01
1)
27
26
 / 
26
13
 F
13
 M
M
od
ula
r, 
po
ro
us
 
pla
sm
a 
co
at
ed
72
 
(N
S)
Al
l lo
ng
 st
em
s
5.
7
(4
-1
1)
10
0%
 su
rv
iva
l (
no
 lo
os
en
ing
)
0%
 fr
ac
tu
re
0%
 d
isl
oc
at
ion
3.
8%
 in
fe
cti
on
Re
gis
 
(2
01
1)
28
41
 / 
41
29
 F
12
 M
Ro
ug
h 
bla
ste
d,
 
flu
te
d 
an
d 
ta
-
pe
re
d,
 d
ist
all
y 
fix
ed
61
 
(2
9-
80
)
Al
l lo
ng
 st
em
s
13
.9
 
(1
0.
4-
15
.8
)
92
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
97
%
 st
em
 fa
ilu
re
NS
 fr
ac
tu
re
9.
7%
 d
isl
oc
at
ion
4.
9%
 in
fe
cti
on
Th
om
so
n 
(2
01
3)
29
93
 /8
4
36
 F
48
 M
Ex
te
ns
ive
ly 
po
ro
us
-c
oa
te
d
69
 
(3
3-
86
)
Al
l lo
ng
 st
em
s
14
 
(1
0-
18
)
94
%
  r
e-
re
vis
ion
 fo
r a
ny
 re
as
on
98
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
1.
1%
 fr
ac
tu
re
12
.9
%
 d
isl
oc
at
ion
1.
1%
 in
fe
cti
on
Cu
rre
nt
 
stu
dy
92
 / 
90
58
 F
32
 M
3rd
66
 
(2
5-
92
)
78
 st
an
da
rd
 st
em
s
13
 lo
ng
 st
em
s
1 
sh
or
t s
te
m
10
.7
 
(4
.6
-1
6.
6)
99
%
 re
-re
vis
ion
 fo
r a
se
pt
ic 
loo
se
nin
g
86
%
 re
-re
vis
ion
 fo
r a
ny
 re
as
on
 
(a
fte
r e
xc
lud
ing
 re
-in
fe
cti
on
s a
nd
 h
em
a-
to
ge
ne
ou
s s
pr
ea
d 
inf
ec
tio
n 
92
%
)
3.
3%
 fr
ac
tu
re
13
.0
%
 d
isl
oc
at
ion
14
.1
%
 in
fe
cti
on
 
(a
fte
r e
xc
lud
ing
 
re
-in
fe
cti
on
s a
nd
 
he
m
at
og
en
eo
us
 
sp
re
ad
 in
fe
cti
on
 
4.
3%
)
F 
= 
fe
m
al
e;
 M
 =
 m
al
e;
 N
S
 =
 n
o
t s
p
ec
ifi
ed
; H
A
 =
 h
yd
ro
xy
ap
at
it
e;
 C
A
D
/C
A
M
 =
 c
o
m
p
u
te
r-
as
si
st
ed
 d
es
ig
n
/c
o
m
p
u
te
r-
as
si
st
ed
 m
an
u
fa
ct
ur
e
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
98
Chapter 6
beyond 38–40 mm have not been clearly demonstrated.19
As mentioned earlier, where there is preoperative or intraoperative loss of 
femoral bone stock, we generally choose to perform femoral bone impaction 
grafting to reconstruct these defects, combined with a cemented stem.10 Recent 
studies from several centers have shown that this femoral bone impaction grafting 
technique can be rewarding in femoral revision cases with bone stock loss (Table 
III).20-24 Excellent survival rates have been reported with re-revision for aseptic 
loosening as the end point, generally with a survival of greater than 98%. Despite 
this superior technique, we sometimes choose to perform a cemented revision 
without bone impaction grafting even in case of extensive femoral bone defects 
in weak or very old patients. In the current study, 13 of the 92 patients had a 
preoperative Endoklinik score of 3 or more and would normally have had a bone 
impaction grafting - but did not get it because of their weak physical condition 
and/or very old age. No significant differences in the outcomes could be detected 
between the various Endoklinik groups in our study. 
Another promising option for the revision of loose femoral components is 
the use of uncemented stems. Recent studies of uncemented stems with 
several different fixation mechanisms have shown survival outcomes ranging 
from 92% to 100% after medium-term follow-up (Table III).25-29 However, 
possible drawbacks of using these uncemented components are extensive stress 
shielding 25,29 and subsidence.28 Long-term results will have to prove whether 
these findings can lead to complications such as loosening or fractures.
In summary, the results of cemented femoral component revisions show 
acceptable survival at medium-term follow-up. We recommend the use of this 
technique in femoral revisions with limited loss of bone stock and in patients who 
cannot tolerate more extensive surgery with bone grafting due to their physical 
condition and/or very old age. When a femoral revision must be performed in a 
younger patient with extensive loss of bone stock, we recommend bone impaction 
grafting using the instrumented X-change revision system.10,23
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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beyond 38–40 mm have not been clearly demonstrated.19
As mentioned earlier, where there is preoperative or intraoperative loss of 
femoral bone stock, we generally choose to perform femoral bone impaction 
grafting to reconstruct these defects, combined with a cemented stem.10 Recent 
studies from several centers have shown that this femoral bone impaction grafting 
technique can be rewarding in femoral revision cases with bone stock loss (Table 
III).20-24 Excellent survival rates have been reported with re-revision for aseptic 
loosening as the end point, generally with a survival of greater than 98%. Despite 
this superior technique, we sometimes choose to perform a cemented revision 
without bone impaction grafting even in case of extensive femoral bone defects 
in weak or very old patients. In the current study, 13 of the 92 patients had a 
preoperative Endoklinik score of 3 or more and would normally have had a bone 
impaction grafting - but did not get it because of their weak physical condition 
and/or very old age. No significant differences in the outcomes could be detected 
between the various Endoklinik groups in our study. 
Another promising option for the revision of loose femoral components is 
the use of uncemented stems. Recent studies of uncemented stems with 
several different fixation mechanisms have shown survival outcomes ranging 
from 92% to 100% after medium-term follow-up (Table III).25-29 However, 
possible drawbacks of using these uncemented components are extensive stress 
shielding 25,29 and subsidence.28 Long-term results will have to prove whether 
these findings can lead to complications such as loosening or fractures.
In summary, the results of cemented femoral component revisions show 
acceptable survival at medium-term follow-up. We recommend the use of this 
technique in femoral revisions with limited loss of bone stock and in patients who 
cannot tolerate more extensive surgery with bone grafting due to their physical 
condition and/or very old age. When a femoral revision must be performed in a 
younger patient with extensive loss of bone stock, we recommend bone impaction 
grafting using the instrumented X-change revision system.10,23
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InTRoDUCTIon
Outcome reports of cemented revisions of failed total hip arthroplasties (THAs) 
published before 1985 were not encouraging.1-3 However, once better cementing 
techniques became available, the results of revisions on the femoral side 
remarkably improved. Proper preparation of the femoral canal with complete 
cement removal, placement of a distal cement plug, and optimal pressurization of 
an adequate amount of cement are essential steps for improvement of the outcome 
of femoral cemented revision.
As a result of these improvements in cementing technique, studies investigating 
the use of these modern cementing methods in patient cohorts ranging in size from 
34 to 399 hips have shown encouraging medium- to long-term results.4-8 However, 
the outcome of femoral revisions using a third-generation cementing technique 
(which comprises pulsatile bone lavage, the use of a distal intramedullary plug, 
retrograde injection of vacuum-mixed low-viscosity cement with a cement gun, 
and solid pressurization) is still poorly documented. Only 2 groups have reported 
their results: 1 study was based on 34 hips after a mean follow-up of 11.3 years and 
all the stems used were long,8 and the other group reported the results of 83 hips 
after a mean of 3.6 years.9
We analyzed the clinical and radiographic outcome, survivorship, and 
complication rate of all 92 consecutive cemented femoral revisions performed 
with a third-generation cementing technique in our department between January 
1996 and December 2007.
pATIenTS AnD MeThoDS
All surgeries were performed between January 1996 and December 2007. All data 
were collected prospectively. The inclusion process for this study is shown in 
Figure 1.
At our institution, we use cemented femoral components in all revision cases. 
However, when there is femoral bone stock loss preoperatively or intraoperatively, 
we generally use the femoral bone impaction grafting technique to reconstruct 
these defects.10 All these femoral revisions, combining cement and bone impaction 
grafting, were excluded from the current study. We also excluded cement-in-
cement femoral revisions. All 92 “cement-only” femoral reconstructions were 
included in this study. Osteoarthritis was the most common reason for the primary 
arthroplasty and aseptic loosening was the most common reason for the revision 
(Table I). These 92 femoral revisions were performed in 90 patients (58 of them 
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ABSTRACT
Femoral cement-in-cement revisions are attractive if the cement bone mantle is 
well fixed. However, most available cemented stems are too long to fit in the 
existing cement mantle. We evaluated the medium-term outcomes of the 125 
mm short tapered polished stem (Exeter Short Revision Stem (SRS)) with a 44 
mm offset specifically designed to facilitate cement-in-cement revisions of hip 
arthroplasties. The Exeter SRS was clinically and radiographically evaluated in 
24 consecutive femoral cement-in-cement revisions (11 men, 13 women) between 
July 2005 and February 2008 after a mean follow-up of six years (5-7). The mean 
age at operation was 67 years (54-83). No hip was lost to follow-up, but two 
patients (two hips) died. None of the deaths were related to the surgery. Kaplan- 
Meier survival analysis was performed.
Four femoral components (17%) were removed for septic loosening after a 
mean of 2.4 years (0.8-4.9). Three of these hips were revised again in a two-
stage revision, and one was converted to a permanent excision arthroplasty. The 
probability of survival with re-revision for any reason was 82% (95% CI: 58-93) 
and survivorship with aseptic loosening as the endpoint was 100% at six years. 
There were no additional radiological failures.
The Exeter Short Revision Stem is a valuable option for simplifying cement-
in-cement revisions. Despite the short stem length, at mid-term there were no 
signs of instability or aseptic loosening.
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InTRoDUCTIon
Traditionally, in femoral revisions, the failed stem with the cement mantle were 
removed and then a new prosthesis was inserted. However, cement removal is 
difficult, time consuming and associated with cortical perforations, fractures and 
bone stock damage.1,2
Greenwald et al3 were the first to examine biomechanically the cement-in-
cement technique, in which a new prosthesis is recemented within the old cement 
mantle. Clinical studies of this cement-in-cement technique with short to medium 
term follow-up have shown very few femoral re-revisions for aseptic loosening 
and have supported the use of this technique in femoral revision surgery, provided 
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
In our hospital, femoral cement-in-cement revisions have been performed 
routinely for many years and for several indications. However, for proper insertion 
of the new stem, which has in most cases more or less the same dimension and 
length as the failed stem, distal drilling of the cement and plug was often needed, 
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with 
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter 
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom). 
The shortened length allows, in most cases, easy insertion into the femoral cement 
mantle cavity, sometimes after some proximal cement reshaping but without 
the need for distal drilling of the cement mantle. The 44 mm offset facilitates 
reconstruction of the original anatomy and hence reduces the risk of recurrent 
dislocation, and offset issues can be addressed. However, it is uncertain if the 
stability of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic loosening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our institute between July 2005 and 
February 2008 were selected, guaranteeing a minimum follow-up of five years 
after surgery.
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In our hospital, femoral cement-in-cement revisions have been performed 
routinely for many years and for several indications. However, for proper insertion 
of the new stem, which has in most cases more or less the same dimension and 
length as the failed stem, distal drilling of the cement and plug was often needed, 
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with 
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter 
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom). 
The shortened length allows, in most cases, easy insertion into the femoral cement 
mantle cavity, sometimes after some proximal cement reshaping but without 
the need for distal drilling of the cement mantle. The 44 mm offset facilitates 
reconstruction of the original anatomy and hence reduces the risk of recurrent 
dislocation, and offset issues can be addressed. However, it is uncertain if the 
stability of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic loosening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our institute between -uly 25 and 
)ebruary 28 were selected, guaranteeing a minimum follow-up of five years 
after surgery.
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ABSTRACT
Femoral cement-in-cement revisions are attractive if the cement bone mantle is 
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mm short tapered polished stem (Exeter Short Revision Stem (SRS)) with a 44 
mm offset specifically designed to facilitate cement-in-cement revisions of hip 
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patients (two hips) died. None of the deaths were related to the surgery. Kaplan- 
Meier survival analysis was performed.
Four femoral components (17%) were removed for septic loosening after a 
mean of 2.4 years (0.8-4.9). Three of these hips were revised again in a two-
stage revision, and one was converted to a permanent excision arthroplasty. The 
probability of survival with re-revision for any reason was 82% (95% CI: 58-93) 
and survivorship with aseptic loosening as the endpoint was 100% at six years. 
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Tradit onally, in femoral revisions, the failed stem with the cement mantle were 
removed and then a new prosthesis was inserted. However, cement removal is 
difficult, time consuming and as ociated with cortical perforations, fractures and 
bone stock damage.1,2
*re nwald et al3 were the first to examine biomechanically the cement-in-
cement echnique, in which a new prosthesis is recemented within the old cement 
mantle. Clinical studies of this cement-in-cement echnique with short o medium 
term follow-up have shown very few femoral re-revisions for aseptic lo sening 
and have sup orted the use of this technique in femoral revision surgery, provided 
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
In our hospital, femoral cement-in-cement revisions have be n performed 
routinely for many years and for several indications. However, for proper insertion 
of the new stem, which has in most cases more or les  the same dimension and 
length as the failed stem, distal drilling of the cement and plug was often ne ded, 
which is technically demanding and prone to complications.
In 20 5, a special tapered polished short revision stem of 125 mm and with 
a 4  mm offset designed for cement-in-cement revisions was introduced (Exeter 
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom). 
The shortened length allows, in most cases, easy insertion into the femoral cement 
mantle cavity, sometimes after some proximal cement reshaping but without 
the ne d for distal drilling of the cement mantle. The 4  mm offset facil tates 
reconstruction of the original anatomy and hence reduces the risk of recurrent 
dislocation, and offset is ues can be ad res ed. However, it is uncertain if the 
stabil ty of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic lo sening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our insti ute betwe n -uly 2 5 and 
)ebruary 2 8 were selected, guarante ing a minimum follow-up of five years 
after surgery.
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Thirteen patients were women and 11 were men, with a mean age of 67 years 
(54-83). Their mean body mass index (BMI) was 26.7 kg/m2 (8.-33.9). Eight 
femoral components were implanted on the left and 16 on the right side. The 
cement-in-cement revision was the first femoral revision in  patients, the second 
in seven and the fourth in one patient. The mean interval since the most recent 
previous operation was 10.8 years (0.4-24.1). The types of femoral components 
that were removed during surgery are presented in Table I.
The indication for revision using the cement-in-cement technique was aseptic 
loosening at the prosthesis cement interface in 11 patients, early proximal 
loosening observed intraoperatively during acetabular revision in five, recurrent 
dislocation in three, femoral stem fracture with an intact distal mantle in two, 
the need to alter the version/offset of the femoral component during acetabular 
revision in two and to exchange a monobloc stem with a damaged head in one 
patient. In 21 patients an acetabular revision with impaction bone-grafting and a 
cemented cup was performed.
Operative technique
All operations were performed through a posterolateral approach without 
trochanteric osteotomy. After collecting cultures, cefazolin 2 grams were 
administered intravenously. If positive gram stainings or frozen sections suspicious 
for infection were seen, an excision arthroplasty was performed. After removing 
the proximal cement above the shoulder of the femoral component, the original 
stem was removed.
Type of implant Number  (%)
Chamley Elite Plus 7 29%
Chamley Elite 2 8%
Chamley Monobloc with 22 mm 
fixed head
2 8%
Müller Curved stem with 32 mm 
fixed head
3 13%
Müller Straight Stem 1 4%
Osteonics Prosthesis 3 13%
Exeter Standard Prosthesis 5 21%
Stanmore Prosthesis 1 4%
24 100%
Table I
femoral implants removed.
107
Cement-in-cement femoral revisions
7
If indicated, an acetabular revision was performed, and then the femoral 
procedure was continued. The old cement mantle was inspected for defects below 
the lesser trochanter, which were considered to be a contra-indication to cement-
in-cement revision. In such cases, complete removal of the old mantle was done, 
and these cases were not included in our study. If the cement mantle was intact, 
a high speed burr was used for roughening and (if needed) the cement mantle 
was reshaped to allow alteration of version or offset. After successful testing for 
function and stability with the trail stem, the femoral canal was washed and dried. 
Polymethylmethacrylate bone cement (Surgical Simplex, Stryker-Howmedica, 
Newbury, United Kingdom) containing colistin and erythromycin, was injected 
using a narrow revision nozzle and pressurised. The Exeter SRS was then inserted.
Postoperatively patients received non-steroidal inflammatory drugs (NSAIDs) 
to prevent heterotopic ossification. Low molecular weight heparin was 
administered to avoid thrombosis. The rehabilitation programme was planned 
depending on the extent of performed acetabular reconstruction, but as far as the 
femoral reconstruction was concerned, full load bearing was allowed.
Clinical evaluation
Clinical data were prospectively collected preoperatively and six weeks, three, 
six and 12 months after surgery by an independent observer in our institution. 
Thereafter, patients were seen annually. Clinical evaluation was performed using the 
Harris Hip Score (HHS, 0-100: best score 100),10 the Oxford Hip Score (OHS, 12-
60: best score 12)11 and visual analogue scales (VAS, 0-100), assessing pain at rest, 
pain during physical activities (worst score 100), and satisfaction (best score 100).
Radiological evaluation
The pre- and postoperative anteroposterior radiographs of every patient were 
assessed, by two authors (MAJS, BWS). Femoral radiographic changes were 
recorded including cortical hypertrophy and/or atrophy and cement fractures. 
Radiolucent lines, defined as lines greater than 2 mm in width, were scored in 
the seven zones as described by Gruen.12 Definite loosening of the stem was 
defined according the criteria of Harris et al.13 Subsidence of 5 mm or more was 
registered as abnormal. Heterotopic ossification after the revision was classified.14 
All measurements were corrected for radiographic magnification.
Statistics
Kaplan-Meier cumulative survival analysis was used to calculate survival rates. 
Endpoints were re-revision of the femoral component for aseptic loosening and 
for any reason.
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stability of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic loosening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our institute between -uly 25 and 
)ebruary 28 were selected, guaranteeing a minimum follow-up of five years 
after surgery.
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Thirteen patients were women and 11 were men, with a mean age of 67 years 
(54-83). Their mean body mass index (BMI) was 26.7 kg/m2 (18.7-33.9). Eight 
femoral components were implanted on the left and 16 on the right side. The 
cement-in-cement revision was the first femoral revision in 16 patients, the second 
in seven and the fourth in one patient. The mean interval since the most recent 
previous operation was 10.8 years (0.4-24.1). The types of femoral components 
that were removed during surgery are presented in Table I.
The indication for revision using the cement-in-cement technique was aseptic 
loosening at the prosthesis cement interface in 11 patients, early proximal 
loosening observed intraoperatively during acetabular revision in five, recurrent 
dislocation in three, femoral stem fracture with an intact distal mantle in two, 
the need to alter the version/offset of the femoral component during acetabular 
revision in two and to exchange a monobloc stem with a damaged head in one 
patient. In 21 patients an acetabular revision with impaction bone-grafting and a 
cemented cup was performed.
Operative technique
All operations were performed through a posterolateral approach without 
trochanteric osteotomy. After collecting cultures, cefazolin 2 grams were 
administered intravenously. If positive gram stainings or frozen sections suspicious 
for infection were seen, an excision arthroplasty was performed. After removing 
the proximal cement above the shoulder of the femoral component, the original 
stem was removed.
Type of implant Number  (%)
Chamley Elite Plus 7 29%
Chamley Elite 2 8%
Chamley Monobloc with 22 mm 
fixed head
2 8%
Müller Curved stem with 32 mm 
fixed head
3 13%
Müller Straight Stem 1 4%
Osteonics Prosthesis 3 13%
Exeter Standard Prosthesis 5 21%
Stanmore Prosthesis 1 4%
24 100%
Table I
femoral implants removed.
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If indicated, an acetabular revision was performed, and then the femoral 
procedure was continued. The old cement mantle was inspected for defects below 
the lesser trocha ter, which were considered to b  a contra-indication to cement-
in-cement revision. In such cases, complete removal of th  old mantle was done, 
and these cases were not included in our study. If he cement ma tle was intact, 
a high speed burr was used for roughening and (if needed) the cement mantle 
was reshaped to allow altera ion of version or offset. After successful testing for 
function and stability with t e trail stem, the femoral canal was washed an dried. 
Polymethy methacrylate bone ce ent (Surgical Simplex, Stryker-Howmedica, 
N wbury, United Kingdom) containing colistin and erythromycin, was injected 
using a narrow revision nozzle and pressuris d. The Exeter SRS was then inserted.
Postoperatively patients receive  non-steroidal inflammatory drugs (NSAIDs) 
to prevent heterotopic ossification. Low mol cular weight heparin was 
administered to avoid thromb si . The rehabilitation programme was planned 
dependi g on the extent of performed acetabular recon truction, but as far as the 
femoral reconstruction was concerned, full load bearing was allo ed.
Clinical evaluation
Clinical data were prospectively collected preoperatively and six weeks, thr e, 
six and 12 m ths after surgery by an indep ndent observer in our instituti n. 
Thereafte , patients were seen annually. Clinical evaluation was performed using the 
Harris Hip Score (HHS, 0-100: best score 100),10 the Oxford Hip Score (OHS, 12-
60: best score 12)11 and visual analogu  scales (VAS, 0-100), assessing pain at res , 
pain during physical activities (worst score 100), and satisfaction (be t score 100).
Radiological evaluation
The pre- and ostoperative anteroposterio  radiographs of every patient were 
assessed, by two auth rs (MAJS, BWS). Femoral radi graphic changes were 
recorded including cortical hypertrophy and/or atrophy and cement fractures. 
Radiolucent lines, defined as lines greater than 2 mm in width, were scored in 
the seven zones as described by Gruen.12 Definite loosening of the stem was 
defined according the criteria of Harris et al.13 Subsidence of 5 mm or more was 
registered as abnormal. Heter topic ossification after the revision was classified.14 
All measurements were corrected for radiographic magnification.
Statistics
Kaplan-Meier cumulat ve survival analysis was used to calculat  survival rates. 
Endpoints were re-revision of the femoral component for aseptic loosening and 
for any reason.
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Clinical results
During follow-up, two patients died (two hips) at seven and 36 months after the 
index operation from causes not related to the surgery and none had a re-operation. 
Clinical data were available until their time of death and are included in the 
review. One patient was interviewed by telephone because she was too old to visit 
our hospital, and her hip was functioning well. All other patients were followed 
clinically and radiographically for a minimum of five years and no patient was lost 
to follow-up. The mean follow-up was six years (5-7).
The mean HHS improved from 56 (24-99) points (n = 19) to 85 (52-100) points 
(n   8) at final follow-up. The mean 2H4s improved from 34 (3-53) points (n 
= 19) to 19 (12-33) points (n = 18). The mean postoperative VAS for pain at rest, 
pain during physical activity, and satisfaction were 8 (0-40) points, 10 (0-60) and 
87 (50-100) points (all n = 18), respectively.
Surgical results
The mean surgical time was 169 minutes (79 to 260), including acetabular revision 
surgery in 21 cases. In three cases only a femoral cement-in-cement revision was 
performed, the operating time was 79, 96 and 135 minutes; in two of the three 
patients a small hatch was created in the femoral cortex to remove the distal part 
of a broNen stem. This was filled with the removed cortical bone and strengthened 
with cerclage wires (Fig. 1). In four femora the short stem was combined with 
impacted bone grafting proximally to reconstruct proximal bone stock loss. There 
was one intraoperative complication in which a small perforation of the femoral 
cortex occurred. No cement escaped.
Re-revisions
Four femoral components (17%) were removed for septic loosening after a 
mean of 2.4 years (0.8-4.9). Three hips failed because of septic loosening with 
coagulase negative Staphylococci (C1S) at , 9 and 2 months. The first septic 
loosening occurred in a patient who also had positive cultures for CNS at the 
cement-in-cement revision surgery and despite antibiotic treatment failed. The 
second infection occurred in a very fragile patient who had a femoral arterial 
reconstruction in the groin using an artificial bypass on the same side as the 
revision. This arterial reconstruction became infected as well as the underlying 
hip arthroplasty. The third patient had septic loosening at 26 months after surgery. 
These three hips were re-revised in a two-stage revision. A fourth hip was 
converted to a permanent excision arthroplasty because of a low grade infection 
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with a Staphyloccocus epidermidis 59 months postoperatively, which in retrospect 
also was the cause of the loosening process during the first revision.
Radiological results
Radiographs of all 24 cases were available for analysis, but were incomplete in 
one patient because she could not visit the hospital as result of her old age. For this 
patient, the latest radiographs available were used.
There was an average subsidence of the stems within the cement mantle of 1.1 
mm (0-4.9). Subsidence was only progressive in the stem with 4.9 mm subsidence. 
Clinically this hip was functioning very well (HHS 92 and VAS satisfaction 100).
figure 1
A) Pre-operative: 69-year-old male with a broken Charnley Elite 40 stem and aseptic loosening and 
polyethylene wear of the cup. B) Postoperative: Exeter Short Revision Stem and extensive acetabular 
reconstruction and cup revision. A small hatch was created in the femoral cortex to remove the distal 
part of the stem and this was filled with the removed cortical bone and strengthened with a cerclage wire.
Fig. 1-A Fig. 1-B
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InTRoDUCTIon
Traditionally, in femoral revisions, the failed stem with the cement mantle were 
removed and then a new prosthesis was inserted. However, cement removal is 
difficult, time consuming and associated with cortical perforations, fractures and 
bone stock damage.1,2
*reenwald et al3 were the first to examine biomechanically the cement-in-
cement technique, in which a new prosthesis is recemented within the old cement 
mantle. Clinical studies of this cement-in-cement technique with short to medium 
term follow-up have shown very few femoral re-revisions for aseptic loosening 
and have supported the use of this technique in femoral revision surgery, provided 
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
In our hospital, femoral cement-in-cement revisions have been performed 
routinely for many years and for several indications. However, for proper insertion 
of the new stem, which has in most cases more or less the same dimension and 
length as the failed stem, distal drilling of the cement and plug was often needed, 
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with 
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter 
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom). 
The shortened length allows, in most cases, easy insertion into the femoral cement 
mantle cavity, sometimes after some proximal cement reshaping but without 
the need for distal drilling of the cement mantle. The 44 mm offset facilitates 
reconstruction of the original anatomy and hence reduces the risk of recurrent 
dislocation, and offset issues can be addressed. However, it is uncertain if the 
stability of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic loosening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our institute between -uly 25 and 
)ebruary 28 were selected, guaranteeing a minimum follow-up of five years 
after surgery.
108
Chapter 7
ReSUlTS
Clinical results
During follow-up, two patients died (two hips) at seven and 36 months after the 
index operation from causes not related to the surgery and none had a re-operation. 
Clinical data were available until their time of death and are included in the 
review. One patient was interviewed by telephone because she was too old to visit 
our hospital, and her hip was functioning well. All other patients were followed 
clinically and radiographically for a minimum of five years and no patient was lost 
to follow-up. The mean follow-up was six years (5-7).
The mean HHS improved from 56 (24-99) points (n = 19) to 85 (52-100) points 
(n = 18) at final follow-up. The mean OHQs improved from 34 (13-53) points (n 
= 19) to 19 (12-33) points (n = 18). The mean postoperative VAS for pain at rest, 
pain during physical activity, and satisfaction were 8 (0-40) points, 10 (0-60) and 
87 (50-100) points (all n = 18), respectively.
Surgical results
The mean surgical time was 169 minutes (79 to 260), including acetabular revision 
surgery in 21 cases. In three cases only a femoral cement-in-cement revision was 
performed, the operating time was 79, 96 and 135 minutes; in two of the three 
patients a small hatch was created in the femoral cortex to remove the distal part 
of a broken stem. This was filled with the removed cortical bone and strengthened 
with cerclage wires (Fig. 1). In four femora the short stem was combined with 
impacted bone grafting proximally to reconstruct proximal bone stock loss. There 
was one intraoperative complication in which a small perforation of the femoral 
cortex occurred. No cement escaped.
Re-revisions
Four femoral components (17%) were removed for septic loosening after a 
mean of 2.4 years (0.8-4.9). Three hips failed because of septic loosening with 
coagulase negative Staphylococci (CNS) at 10, 19 and 26 months. The first septic 
loosening occurred in a patient who also had positive cultures for CNS at the 
cement-in-cement revision surgery and despite antibiotic treatment failed. The 
second infection occurred in a very fragile patient who had a femoral arterial 
reconstruction in the groin using an artificial bypass on the same side as the 
revision. This arterial reconstruction became infected as well as the underlying 
hip arthroplasty. The third patient had septic loosening at 26 months after surgery. 
These three hips were re-revised in a two-stage revision. A fourth hip was 
converted to a permanent excision arthroplasty because of a low grade infection 
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with a Staphyloccocus epidermidis 59 months postoperatively, which in retrospect 
also was the cause of the loosening process during the first revision.
Radiological results
Radiographs of all 24 cases were available for analysis, but were incomplete in 
one patient because she could not visit the hospital as result of her old age. For this 
patient, the latest radiographs available were used.
Ther  was an average subsidence of the stems within the cement mantle of 1.1 
mm (0-4.9). Subsid nce was only progress ve in the stem with 4.9 mm subsidence. 
Clinically this hip was functioning very well (HHS 92 and VAS satisfaction 100).
figure 1
A) Pre-operative: 69-year-old male with a broken Charnley Elite 40 stem and aseptic loosening and 
polyethylene wear of the cup. B) Postoperative: Ex ter Short Revision St m and extensive acetabular 
reconstruction and cup revision. A small hatch was created in the femoral cortex to remove the distal 
part of the stem and this was filled with the removed cortical bone and strengthened with a cerclage wire.
Fig. 1-A Fig. 1-B
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In five patients radiolucent lines were seen between the cement mantle and the 
bone: two patients had stable lines in *ruen ]ones  and , one had a stable line 
in zone 1, one had a stable line in zone 7 and one had a progressive line in zone 1.
One patient had a stable radiolucent line between the cement mantles in zone 1.
In two patients a stable osteolytic defect of 2 x 5 mm was situated in *ruen 
zone 1. This defect was already present preoperatively in one patient.
In  patients heterotopic ossification occurred, which was not present 
preoperatively. These were classified according to %rooNer as class I in four, class 
II in five and class III in one case.
Other complications and re-operations not related to the stem
2ne patient was successfully treated with antibiotics for a superficial wound 
infection. Another patient had positive cultures with CNS postoperatively 
although a one stage revision was performed, because there was no suspicion of 
septic loosening. This patient was treated succesfully with antibiotics and the hip 
arthroplasty was saved.
Two patients needed an acetabular re-revision, one for recurrent dislocation, 
and the other because of aseptic loosening of the cup.
There were no other dislocations, except the case surgically treated.
Survival analysis
The Kaplan-Meier survival analysis with re-revision of the femoral component 
for any reason as the endpoint was 82% (95% CI: 58-93) at six years ()ig. 2-$). 
No re-revisions for aseptic loosening were performed; hence the survival with 
aseptic loosening as the end-point was 100% (Fig. 2-B).
DISCUSSIon
The Exeter Short Revision Stem simplifies cement-in-cement revision, without 
the need for distal reaming or drilling. An advantage of the stem is that despite 
being short it still has a 44 mm offset.
Excluding cases of septic re-revision, there were no rerevisions and no stem 
fractures, as observed by O’Neill et al.15 In one asymptomatic case there was 
slowly progressive subsidence, but the significance is unclear at the moment. The 
short-term results of this new implant for hip revisions are promising.
A limitation of our study is that the follow-up is relatively short. However, a 
minimum follow-up of five years is acceptable to define whether this new implant 
for cement-in-cement revisions is likely to have acceptable outcomes. The number 
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of patients in our series is not large, but the follow-up is complete with all clinical 
data available and no patients lost to follow-up.
In cases with an intact femoral cement mantle, a cement-in-cement revision 
is attractive.1,4,5,7-9 However, most standard cement stems including the traditional 
Exeter Universal tapered stem are too long to fit in the existing cement mantle. 
Therefore distal drilling and reaming of the cement mantle is still needed which 
is demanding and prone to complications. Femoral perforations or fractures can 
occur.1,2 The clinical experience with this Exeter SRS with its shortened length 
is favorable; it fits in most existing cement mantles with only minimal proximal 
figure 2
Kaplan-Meier survival curves with endpoints re-revision of the femoral component: A) for any reason; B) 
for aseptic loosening (95% confidence intervals in broken lines).
Fig. 2-A
Fig. 2-B
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InTRoDUCTIon
Traditionally, in femoral revisions, the failed stem with the cement mantle were 
removed and then a new prosthesis was inserted. However, cement removal is 
difficult, time consuming and associated with cortical perforations, fractures and 
bone stock damage.1,2
*reenwald et al3 were the first to examine biomechanically the cement-in-
cement technique, in which a new prosthesis is recemented within the old cement 
mantle. Clinical studies of this cement-in-cement technique with short to medium 
term follow-up have shown very few femoral re-revisions for aseptic loosening 
and have supported the use of this technique in femoral revision surgery, provided 
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
In our hospital, femoral cement-in-cement revisions have been performed 
routinely for many years and for several indications. However, for proper insertion 
of the new stem, which has in most cases more or less the same dimension and 
length as the failed stem, distal drilling of the cement and plug was often needed, 
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with 
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter 
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom). 
The shortened length allows, in most cases, easy insertion into the femoral cement 
mantle cavity, sometimes after some proximal cement reshaping but without 
the need for distal drilling of the cement mantle. The 44 mm offset facilitates 
reconstruction of the original anatomy and hence reduces the risk of recurrent 
dislocation, and offset issues can be addressed. However, it is uncertain if the 
stability of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic loosening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our institute between -uly 25 and 
)ebruary 28 were selected, guaranteeing a minimum follow-up of five years 
after surgery.
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In five patients radiolucent lines were seen between the cement mantle and the 
bone: two patients had stable lines in Gruen zones 1 and 7, one had a stable line 
in zone 1, one had a stable line in zone 7 and one had a progressive line in zone 1.
One patient had a stable radiolucent line between the cement mantles in zone 1.
In two patients a stable osteolytic defect of 20 x 5 mm was situated in Gruen 
zone 1. This defect was already present preoperatively in one patient.
In 10 patients heterotopic ossification occurred, which was not present 
preoperatively. These were classified according to Brooker as class I in four, class 
II in five and class III in one case.
Other complications and re-operations not related to the stem
One patient was successfully treated with antibiotics for a superficial wound 
infection. Another patient had positive cultures with CNS postoperatively 
although a one stage revision was performed, because there was no suspicion of 
septic loosening. This patient was treated succesfully with antibiotics and the hip 
arthroplasty was saved.
Two patients needed an acetabular re-revision, one for recurrent dislocation, 
and the other because of aseptic loosening of the cup.
There were no other dislocations, except the case surgically treated.
Survival analysis
The Kaplan-Meier survival analysis with re-revision of the femoral component 
for any reason as the endpoint was 82% (95% CI: 58-93) at six years (Fig. 2-A). 
No re-revisions for aseptic loosening were performed; hence the survival with 
aseptic loosening as the end-point was 100% (Fig. 2-B).
DISCUSSIon
The Exeter Short Revision Stem simplifies cement-in-cement revision, without 
the need for distal reaming or drilling. An advantage of the stem is that despite 
being short it still has a 44 mm offset.
Excluding cases of septic re-revision, there were no rerevisions and no stem 
fractures, as observed by O’Neill et al.15 In one asymptomatic case there was 
slowly progressive subsidence, but the significance is unclear at the moment. The 
short-term results of this new implant for hip revisions are promising.
A limitation of our study is that the follow-up is relatively short. However, a 
minimum follow-up of five years is acceptable to define whether this new implant 
for cement-in-cement revisions is likely to have acceptable outcomes. The number 
111
Cement-in-cement femoral revis ons
7
of patients in our series is not large, but the follow-up is complete with all clinical 
data available and no patients lost to follow-up.
In cases with an intact femoral cement mantle, a cement-in-cement revision 
is attractive.1,4,5,7-9 However, most standard cement stems including the traditional 
Exeter Universal tapered stem are too long to fit in the existing cement mantle. 
Therefo e distal dril ing and r am ng of the cement mantle is still needed which 
is demanding and prone to complications. Femoral perforations or fractures c  
occur.1,2 The clinical exp rience with this Exeter SRS with its shortened length 
is avorabl ; it fits in most existing cement mantles with only minimal proximal 
figure 2
Kaplan-Meier survival curves with endpoints re-revision of the femoral component: A) for any reason; B) 
for aseptic loosening (95% confidence intervals in broken lines).
Fig. 2-A
Fig. 2-B
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cement mantle adaptations needed. In addition, as a trial stem is available, stability 
can be tested before final insertion of the stem. The offset of 44 mm is attractive 
as most slim standard implants which are available on the market (which could be 
used for the same application) have smaller offsets related to the stem size, and 
using these stems for cement-in-cement revisions can result in higher dislocation 
rates. In our study the dislocation rate (we had one recurrent dislocator, 4%) 
was similar to other cement-in-cement studies and less than revision of total hip 
prosthesis in general.4-6,8,9 In addition, it is easy to change the stem position to 
more or less anteversion while doing revisions in recurrent dislocators.
In this study, the probability of survival with re-revision for aseptic loosening 
at five years (%), was comparable to other clinical cement-in-cement studies, 
which also report no aseptic loosening of the femoral component.1,4-9 Duncan et 
al1 reported the largest number of patients and longest follow-up and described 
survival with rerevision for any reason of 97.8% at three years follow-up. The 
other studies show similar survival rates of 95-100% at short term follow-up. The 
lower overall survival in our study relates to the four cases in which removal of 
the prosthesis was needed because of an infection, which is a higher rate compared 
to the other cement-in-cement studies.4-6,8,9 However, two of these four cases 
were (retrospectively) classified as septic revisions based on the intra-operative 
cultures. $s expected, there was significant improvement of all clinical outcome 
measurements at latest follow-up.
This study confirms that the Exeter Short Revision Stem is a valuable new 
design for the orthopaedic armamentarium to improve the outcome of cement-in-
cement femoral revisions. Despite the short stem length, at mid-term there were no 
signs of instability or aseptic loosening. We will continue to follow these patients 
as longer follow-up is needed to define the true clinical value of this new stem.
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InTRoDUCTIon
Traditionally, in femoral revisions, the failed stem with the cement mantle were 
removed and then a new prosthesis was inserted. However, cement removal is 
difficult, time consuming and associated with cortical perforations, fractures and 
bone stock damage.1,2
*reenwald et al3 were the first to examine biomechanically the cement-in-
cement technique, in which a new prosthesis is recemented within the old cement 
mantle. Clinical studies of this cement-in-cement technique with short to medium 
term follow-up have shown very few femoral re-revisions for aseptic loosening 
and have supported the use of this technique in femoral revision surgery, provided 
the cement mantle is well fixed radiologically and intra-operatively.1,4-9
In our hospital, femoral cement-in-cement revisions have been performed 
routinely for many years and for several indications. However, for proper insertion 
of the new stem, which has in most cases more or less the same dimension and 
length as the failed stem, distal drilling of the cement and plug was often needed, 
which is technically demanding and prone to complications.
In 2005, a special tapered polished short revision stem of 125 mm and with 
a 44 mm offset designed for cement-in-cement revisions was introduced (Exeter 
Short Revision Stem (SRS), Stryker-Howmedica, Newbury, United Kingdom). 
The shortened length allows, in most cases, easy insertion into the femoral cement 
mantle cavity, sometimes after some proximal cement reshaping but without 
the need for distal drilling of the cement mantle. The 44 mm offset facilitates 
reconstruction of the original anatomy and hence reduces the risk of recurrent 
dislocation, and offset issues can be addressed. However, it is uncertain if the 
stability of this short polished stem after cement-in-cement revision is sufficient 
to prevent aseptic loosening or stem fracture. 
This historical prospective cohort study was performed to evaluate both 
the clinical and radiological outcome of this stem using the cement-in-cement 
technique.
MATeRIAlS AnD MeThoDS
patients
In February 2013 all 24 consecutive hips in 24 patients who underwent a cement-
in-cement revision with the Exeter SRS in our institute between -uly 25 and 
)ebruary 28 were selected, guaranteeing a minimum follow-up of five years 
after surgery.
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cement mantle adaptations needed. In addition, as a trial stem is available, stability 
can be tested before final insertion of the stem. The offset of 44 mm is attractive 
as most slim standard implants which are available on the market (which could be 
used for the same application) have smaller offsets related to the stem size, and 
using these stems for cement-in-cement revisions can result in higher dislocation 
rates. In our study the dislocation rate (we had one recurrent dislocator, 4%) 
was similar to other cement-in-cement studies and less than revision of total hip 
prosthesis in general.4-6,8,9 In addition, it is easy to change the stem position to 
more or less anteversion while doing revisions in recurrent dislocators.
In this study, the probability of survival with re-revision for aseptic loosening 
at five years (100%), was comparable to other clinical cement-in-cement studies, 
which also report no aseptic loosening of the femoral component.1,4-9 Duncan et 
al1 reported the largest number of patients and longest follow-up and described 
survival with rerevision for any reason of 97.8% at three years follow-up. The 
other studies show similar survival rates of 95-100% at short term follow-up. The 
lower overall survival in our study relates to the four cases in which removal of 
the prosthesis was needed because of an infection, which is a higher rate compared 
to the other cement-in-cement studies.4-6,8,9 However, two of these four cases 
were (retrospectively) classified as septic revisions based on the intra-operative 
cultures. As expected, there was significant improvement of all clinical outcome 
measurements at latest follow-up.
This study confirms that the Exeter Short Revision Stem is a valuable new 
design for the orthopaedic armamentarium to improve the outcome of cement-in-
cement femoral revisions. Despite the short stem length, at mid-term there were no 
signs of instability or aseptic loosening. We will continue to follow these patients 
as longer follow-up is needed to define the true clinical value of this new stem.
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ABSTRACT
We present the results of 62 consecutive acetabular revisions using impaction 
bone grafting and a cemented polyethylene acetabular component in 58 patients 
(13 men and 45 women) after a mean follow-up of 27 years (25 to 30). All patients 
were prospectively followed. The mean age at revision was 59.2 years (23 to 82).
We performed Kaplan–Meier (KM) analysis and also a Competing Risk (CR) 
analysis because with long-term follow-up, the presence of a competing event (i.e. 
death) prevents the occurrence of the endpoint of re-revision.
$ total of 48 patients (52 hips) had died or had been re-revised at final review 
in March 2011. None of the deaths were related to the surgery. The mean Harris 
hip score of the ten surviving hips in ten patients was 76 points (45 to 99).
The KM survivorship at 25 years for the endpoint ‘re-revision for any reason’ 
was 58.% (95% confidence interval (CI) 38 to 3) and for µre-revision for aseptic 
loosening’ 72.1% (95% CI 51 to 85). With the CR analysis we calculated the 
KM analysis overestimates the failure rate with respectively 74% and 93% for 
these endpoints. The current study shows that acetabular impaction bone grafting 
revisions provide good clinical results at over 25 years.
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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ABSTRACT
We present the results of 62 consecutive acetabular revisions using impaction 
bone grafting and a cemented polyethylene acetabular component in 58 patients 
(13 men and 45 women) after a mean follow-up of 27 years (25 to 30). All patients 
were prospectively followed. The mean age at revision was 59.2 years (23 to 82).
We performed Kaplan–Meier (KM) analysis and also a Competing Risk (CR) 
analysis because with long-term follow-up, the presence of a competing event (i.e. 
death) prevents the occurrence of the endpoint of re-revision.
$ total of  Satients  hiSs had died or had been rereYised at final reYieZ 
in March 2011. None of the deaths were related to the surgery. The mean Harris 
hip score of the ten surviving hips in ten patients was 76 points (45 to 99).
The KM survivorship at 25 years for the endpoint ‘re-revision for any reason’ 
Zas   confidence interYal &,  to  and for µrereYision for aseStic 
loosening’ 72.1% (95% CI 51 to 85). With the CR analysis we calculated the 
KM analysis overestimates the failure rate with respectively 74% and 93% for 
these endpoints. The current study shows that acetabular impaction bone grafting 
revisions provide good clinical results at over 25 years.
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone los  and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone los .2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the suc es  has be n reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with ac eptable results up to 25 years of follow-up.10-12 Nevertheles , only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can oc ur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in ad it on to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to as es  if this 
method indicates better the risk of ne ding further evision surgery.
pATIenTS AnD MeThoDS
Betwe n January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 4  
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and thre  failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthrit s (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childho d hip disorders, 
and in four hips; rheumatoid arthrit s. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) lo sening. Previous revision surgery 
had be n undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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2Serative techniTue
The posterolateral approach was used in all patients. After removal of the 
components, samples from the tissue interface, between the components and bone, 
Zere sent for fro]en section and *ram staining to detect Sossible infection $ tZo
stage procedure was performed in the four hips with known septic loosening and in 
seven hips with suspected infection. All debris and interface tissue were removed 
and segmental defects in the wall of the acetabulum were reconstructed with the 
use of metal meshes (Stryker, Newbury, United Kingdom). In nine early cases, 
autografts from the iliac crest were used. Later in the series, auto- and allografts 
were combined in 16 hips and allografts alone were used in 37. In eight of the 
nine revisions from surface replacement arthroplasties, bone grafts were taken 
from the remains of the resected femoral head. All grafts were morcellised with a 
rongeur during the operation to provide cancellous chips with a diameter of 5 mm 
to 10 mm. These chips were impacted with trial acetabular components and the 
use of a metal hammer. The last trial component used was at least 2 mm oversized 
relative to the polyethylene acetabular component to guarantee a cement mantle 
of sufficient thicNness The aim Zas to reconstruct the original centre of rotation 
of the hip. Cement was pressurised on top of the impacted bone graft using a seal. 
In all cases either a 32 mm diameter all polyethylene Müller or Allopro acetabular 
component (Sulzer, Winterhür, Switzerland) was introduced using antibiotic-
loaded bone cement 3alacos Zith gentamicin 0ercN 'armstadt *erman\ %ed 
rest was prescribed for two to six weeks with passive movement of the operated 
hip starting 24 hours postoperatively, partial weight-bearing was allowed at six 
weeks and full weight-bearing after three months.
Clinical review
$t final reYieZ of this series in 0arch  the series outcomes Zere uSdated 
with a minimum follow-up of 25 years from the revision surgery. At review, 48 
patients (52 hips) had died or had been re-revised within 25 years of THA. None 
of the deaths were related to the hip surgery. Nearly all patients had been followed 
annually in detail, but some elderly and frail patients were seen at more irregular 
intervals.
The Harris hip score13 (HHS) and a visual analogue scale (VAS) of satisfaction 
 not satisfied at all  comSlete satisfaction Zere used for clinical eYaluation
Radiological review
Anteroposterior views of the pelvis were assessed by two authors (MTS and 
%:6 $cetabular defects Zere assessed b\ comSaring the SreoSeratiYe and first 
post-operative radiographs and the operative record according to the American 
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$cadem\ of 2rthoSaedic 6urgeons $$26 classification14 There were 39 
cavitary (AAOS type II) and 23 combined cavitary and segmental defects (ten 
central and  SeriSheral $$26 t\Se ,,, 5adiolucent lines 5//s defined as 
lines of 2 mm or greater in width, were scored in the three zones of DeLee and 
Charnley.15 Incorporation of the graft was evaluated with the use of the criteria 
defined b\ &onn et al16 Migration of the acetabular component was estimated in 
relation to the line between the teardrops.17 5adiological failure Zas defined as 
migration   mm in an\ direction or SrogressiYe 5//s in all three ]ones
KM and CR analysis
)or surYiYorshiS anal\sis Ze used .0 anal\sis Zith  confidence interYals &, 
and in addition we also performed a CR analysis. Ignoring CRs leads to biased 
estimations of the probability of revision surgery. This is certainly an issue in KM 
analysis carried out after a very long time of follow-up of a cohort. Therefore, the 
CR analysis was undertaken to examine the probability of re-revision surgery (the 
event of interest) in the presence of the competing event of death. KM analysis 
treats these competing endpoints as censored observations. However, if a patient 
has died, there is no probability of experiencing the event of interest and this must 
be considered in the model. All analyses have been performed using the mstate 
library18,19 using the statistical package R (R Foundation, Vienna, Austria).
ReSUlTS
Clinical outcome
$t final reYieZ no Satient had been lost to folloZuS The mean ++6 of the ten 
surviving patients with ten acetabular reconstructions, at a mean of 27 years (25 
to 30) was 76 (45 to 99). The mean VAS of satisfaction was 81 (65 to 100). One 
patient was suffering from a terminal illness and not available for review. She was 
interviewed by telephone and reported her hip was functioning well.
Of the original group of 62 hips, 15 hips in 14 patients failed. Two hips in two 
patients were converted to permanent excision arthroplasties for culture-proven, 
septic loosening at three and six years after surgery. In addition, nine hips in nine 
patients were re-revised for aseptic loosening, at six, nine, 11, 12, 13, 14, 21, 21 
and  \ears after reYision 2ne Zellfi[ed acetabular comSonent in one Satient 
was re-revised at 12 years in the course of femoral revision for aseptic loosening. 
Three acetabular components in three patients were re-revised again after 17, 17 
and  \ears oZing to Zear eYen though the\ Zere Zellfi[ed at surger\
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challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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Operative technique
The posterolateral approach was used in all patients. After removal of the 
components, samples from the tissue interface, between the components and bone, 
Zere sent for fro]en section and *ram staining to detect Sossible infection $ tZo
stage procedure was performed in the four hips with known septic loosening and in 
seven hips with suspected infection. All debris and interface tissue were removed 
and segmental defects in the wall of the acetabulum were reconstructed with the 
use of metal meshes (Stryker, Newbury, United Kingdom). In nine early cases, 
autografts from the iliac crest were used. Later in the series, auto- and allografts 
were combined in 16 hips and allografts alone were used in 37. In eight of the 
nine revisions from surface replacement arthroplasties, bone grafts were taken 
from the remains of the resected femoral head. All grafts were morcellised with a 
rongeur during the operation to provide cancellous chips with a diameter of 5 mm 
to 10 mm. These chips were impacted with trial acetabular components and the 
use of a metal hammer. The last trial component used was at least 2 mm oversized 
relative to the polyethylene acetabular component to guarantee a cement mantle 
of sufficient thicNness The aim Zas to reconstruct the original centre of rotation 
of the hip. Cement was pressurised on top of the impacted bone graft using a seal. 
In all cases either a 32 mm diameter all polyethylene Müller or Allopro acetabular 
component (Sulzer, Winterhür, Switzerland) was introduced using antibiotic-
loaded bone cement 3alacos Zith gentamicin 0ercN 'armstadt *erman\ %ed 
rest was prescribed for two to six weeks with passive movement of the operated 
hip starting 24 hours postoperatively, partial weight-bearing was allowed at six 
weeks and full weight-bearing after three months.
Clinical review
$t final reYieZ of this series in 0arch  the series outcomes Zere uSdated 
with a minimum follow-up of 25 years from the revision surgery. At review, 48 
patients (52 hips) had died or had been re-revised within 25 years of THA. None 
of the deaths were related to the hip surgery. Nearly all patients had been followed 
annually in detail, but some elderly and frail patients were seen at more irregular 
intervals.
The Harris hip score13 (HHS) and a visual analogue scale (VAS) of satisfaction 
 not satisfied at all  comSlete satisfaction Zere used for clinical eYaluation
Radiological review
Anteroposterior views of the pelvis were assessed by two authors (MTS and 
%:6 $cetabular defects Zere assessed b\ comSaring the SreoSeratiYe and first 
post-operative radiographs and the operative record according to the American 
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Academy of Orthopaedic Surgeons (AAOS) classification.14 There were 39 
cavitary (AAOS type II) and 23 combined cavitary and segmental defects (ten 
central and 13 periph ral) (AAOS typ III). Radiolucent ines (RLLs), defined as 
lines of 2 mm or greater in width, were scored in the th e zones of DeLee an  
C arnley.15 Incorporation of the graft was evaluated with the use of the criteria 
defined by Conn e  al.16 Migration of the acetabular component was estimated in 
relation to the line between the t ardrops.17 Rad ological failure was defined as 
migration ≥ 5 mm in any direction, or progressive RLLs in all three zo es.
KM and CR analysis
For su vivorship analysis we used KM a alysis with 95% confidence intervals (CI) 
and in ddition we also performed a CR analysis. Ignoring CRs leads to biased 
estimations of the probabil ty o  revision surgery. This is certainly an issu  in KM 
analysis carried out after a very l g time of follow-up of a coh rt. Th refore, the 
CR analysis was nd rtaken to examine th  probability of re-revision surger  (th  
event of int r st) in the presence of the competing event of death. KM analysis 
treats these comp ting endpoints as ensored obs rvations. H wever, if a patient 
has died, there is no probability of xperi ncing the event of intere t and this must 
be considered in th  model. All analyses have been performe  using th  mstate 
library18,19 us ng the s atis ical packag  R (R Foundation, Vienna, Austria).
ReSUlTS
Clinical outcome
At final review, no patient had b en lost to follow-up. The mean HHS of the ten 
surviving patients with ten acet bular reconstructions, t a mean of 27 years (25 
to 30) was 76 (45 to 99). The mean VAS of sat faction was 81 (65 to 100). One 
patient was suffering from a terminal illness and not available for review. She was 
interview d by telephone and reported her hip was functioning well.
Of the original group of 62 hips, 15 hips in 14 patients failed. Two hips in two 
p tients were converted to permanent ex ision arthroplasties for culture-pr ven, 
septic loosening at thr e and six yea s after surgery. In addition, n ne hips in nine 
patients were re-revised for aseptic loosening, at six, nine, 11, 12, 13, 14, 21, 21 
and 23 years after revis on. One w ll-fixed acetabular component in one patient 
was re-revised at 12 years in the course of femoral revision for aseptic loosening. 
Three ace bular components in three patients were re-revised again after 17, 17 
and 24 years owing to wear, even though they were well-fixed at surgery.
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Radiological outcome
Of the 11 hips in 11 patients which were revised for septic or aseptic loosening, 
RLLs were present in all zones. Three other hips (three patients) showed evidence 
of radiological loosening at seven, 11 and 13 years after surgery, but had a 
clinically well-functioning THA. These patients died without re-revision. Two 
hips (two patients) of the nine hips for which the radiological data were available, 
at a minimum of 25 years follow-up, showed radiological loosening, but were 
not revised because of only mild symptoms. 2f these nine hips, five hips in five 
patients showed a radiological stable appearance without RLLs or migration. Of 
the remaining two hips in two patients one had a stable RLL in zone III and one 
had progressive RLLS in zone I and III (Fig. 1).
Complications and re-operations
Post-operative complications included dislocation in two patients, which were 
treated conservatively. Two patients were treated for superficial wound problems 
and a suspicion of infection. One patient developed haematogenous infection 
of their THA following a dental procedure, at 28 years post-revision. Surgical 
debridement and retention of implants was performed and the patient was treated 
figure 1
Radiographs of a 21-year-old woman A) four months after revision of a failed resurfacing hip prosthesis 
with impaction bone grafting and a cemented acetabular component. A metal mesh was placed on top 
of the graft (a technique no longer recommended); and B) 30 years after the reconstruction showing the 
position of the acetabular component to be unchanged. There is progressive osteolysis in zone I and at 
the inferior margin of zone III, but overall, the component is well-fixed. E, code for the patient; 7/81, July 
1981; p.o., post-operative; 6/11, June 2011.
Fig. 1-A Fig. 1-B
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with long-term antibiotics. The THA was functioning well two years after the 
debridement ,n one Satient heterotoSic ossification Zas e[cised and one had an 
exploration of the sciatic nerve for entrapment. Four patients had a revision of the 
femoral component without acetabular re-revision during the study period.
KM and CR analysis
The KM survivorship at 25 years, with the endpoint being ‘re-revision for any 
reason’, was 58.0% (95% CI 38 to 73; 11 hips at risk) (Fig. 2-A) and for rerevision 
for aseptic loosening 72.1% (95% CI 51 to 85) (Fig. 2-B). The cumulative failure 
incidences (1-KM) were respectively 42.0% and 27.9%. The CR analysis showed 
the cumulative failure incidences for both endpoints were respectively 24.2% 
and 14.5%. This implies that because of the high number of competing events, 
with long-term follow-up, the KM analysis over estimates the all-cause failure 
rate by 74% (42.0(1-KM) - 24.2(CR))/24.2(CR)) (Fig. 3-A) and by 93% (27.9(1-KM) 
-14.5(CR))/14.5(CR)) (Fig. 3-B) for the endpoint re-revision for aseptic loosening.
Re-revisions 
In total 13 hips in 12 patients were re-revised during the follow-up period. We 
evaluated the results of the 11 re-revisions that were performed in our department, 
during the study follow-up period with further impaction bone grafting and a 
cemented acetabular component. The two remaining re-revisions were performed 
elseZhere The mean folloZuS after these  rereYisions Zas ten \ears fiYe 
to 15). At the re-revision, all hips had combined cavitary and segmental defects 
$$26 t\Se ,,, seYen hiSs T\Se ,, defects and four hiSs T\Se ,,, defects at first 
revision arthroplasty). KM survival with further acetabular component revision 
for any reason as the endpoint was 91% (95% CI 51 to 99; four hips at risk) 
at ten years. When we excluded an early acetabular component re-revision for 
malpositioning at three weeks post-surgery, survivorship with further acetabular 
component revision for aseptic loosening as the endpoint was 100% (95% CI 
37 to 100). Another acetabular component underwent a third revision for aseptic 
loosening 12 years post-operatively. In all nine surviving re-revisions, trabecular 
incorporation was observed in the absence of RLLs.
DISCUSSIon
The popularity and success of THA20 has resulted in an increasing number of failing 
THAs requiring revision surgery. THA is increasingly being offered to younger 
patients and combined with increased life expectancy, the burden of revision 
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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Radiological outcome
Of the 11 hips in 11 patients which were revised for septic or aseptic loosening, 
RLLs were present in all zones. Three other hips (three patients) showed evidence 
of radiological loosening at seven, 11 and 13 years after surgery, but had a 
clinically well-functioning THA. These patients died without re-revision. Two 
hips (two patients) of the nine hips for which the radiological data were available, 
at a minimum of 25 years follow-up, showed radiological loosening, but were 
not reYised because of onl\ mild s\mStoms 2f these nine hiSs fiYe hiSs in fiYe 
patients showed a radiological stable appearance without RLLs or migration. Of 
the remaining two hips in two patients one had a stable RLL in zone III and one 
had progressive RLLS in zone I and III (Fig. 1).
Complications and re-operations
Post-operative complications included dislocation in two patients, which were 
treated conserYatiYel\ TZo Satients Zere treated for suSerficial Zound Sroblems 
and a suspicion of infection. One patient developed haematogenous infection 
of their THA following a dental procedure, at 28 years post-revision. Surgical 
debridement and retention of implants was performed and the patient was treated 
figure 1
Radiographs of a 21-year-old woman A) four months after revision of a failed resurfacing hip prosthesis 
with impaction bone grafting and a cemented acetabular component. A metal mesh was placed on top 
of the graft (a technique no longer recommended); and B) 30 years after the reconstruction showing the 
position of the acetabular component to be unchanged. There is progressive osteolysis in zone I and at 
the inferior margin of zone III, but overall, the component is well-fixed. E, code for the patient; 7/81, July 
1981; p.o., post-operative; 6/11, June 2011.
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with long-term antibiotics. The THA was functioning well two years after the 
debridement. In one patient, heterotopic ossification was excised and one had an 
exploration of the sciatic erve for entrapment. Four patients had a revision of the 
femoral component without acetabular re-revision d ring the study period.
KM nd CR analysis
The KM survivorship at 25 yea s, with the endpoint bei g ‘re-r vision for any 
reason’, was 58.0% (95% CI 38 t  73; 11 hips at risk) (Fig. 2-A) and for re evision 
for aseptic loosening 72.1% (95% CI 51 to 85) (Fig. 2-B). The cumulative failure 
incidences (1-KM) were r spectively 42.0% and 27.9%. The CR analysis showed 
the cumulativ  failure incidences for both endpoints were respectively 24.2% 
and 14.5%. This implies that because of the high number of compe ing events, 
with long-term follow-up, the KM analysis over estimates the all-caus  failure 
rate by 74% (42.0(1-KM) - 24.2(CR))/24.2(CR)) (Fig. 3-A) and by 93% (27.9(1-KM) 
-14.5(CR))/14.5(CR)) (Fig. 3-B) for the endpoint re-revision for asepti  loose ing.
Re-revisions 
In to al 13 hips in 12 p tients were re- v sed uring the follow-up period. We 
ev luated the results of the 11 r -revisions that were performed in our department, 
during the study follow-up period with further impacti  bone grafting and a 
cemented acetabular component. The two remaining re-revisions were performed 
elsewhere. The mean follow-up after these 11 re-revisions was ten years (five 
to 15). At the re-revision, all hips had combined cavitary and segmental defects 
(AAOS type III) (seven hips Type II defects and four hips Type III defects at first 
revision arthroplasty). KM survival with further acetabular component evision 
for any reason as the endpoint was 91% (95% CI 51 t  99; four hips at risk) 
at t n years. When we excluded a  early acet bular component re-revision for 
ma positioning at th ee weeks post-surgery, survivorship with further acetabular 
compo ent revi on for as ptic looseni g as the ndpoint was 100% (95% CI 
37 to 100). Another acetabular component underwe t a t ird revision for aseptic 
loosening 12 years post-operatively. In ll nine surviving e- evisions, trabecular 
incorporation was observed in the ab ence of RLLs.
DISCUSSIon
The popularity and success of THA20 has sulted in an increasing number of failing 
THAs requiring revision surgery. THA is increasingly being offered to younger 
patients and combined with increased life expectancy, the burden of revision 
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figure 2
KaSlan²Meier curves oI the  acetaEular revisions Zith  confidence intervals shoZinJ A acetaEular 
re-revision Ior any reason as the endSoint and B acetaEular re-revision Ior aseStic looseninJ as the 
endpoint.
)iJ. -A
)iJ. -B
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Fig. 3-A
Fig. 3-B
figure 3
Kaplan–Meier (KM) curves of the comparison of the cumulative incidence for endpoint A) acetabular 
re-revision surgery for any reason and B) re-revision for aseptic loosening calculated with both the KM 
estimator and the Competing Risk method. The discrepancy between the lines represents the bias, which 
is introduced by erroneous usage of the KM analysis.
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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figure 2
Kaplan–Meier curves of the  acetabular revisions with  conÀdence intervals showing A) acetabular 
re-revision for any reason as the endpoint and B) acetabular re-revision for aseptic loosening as the 
endpoint.
Fig. -A
Fig. -B
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Fig. 3-A
Fig. 3-B
figure 3
Kaplan–Meier (KM) curves of the comparison of the cumulative incidence for endpoint A) acetabular 
re-revision surgery for any reason and B) re-revision for aseptic loosening calculated with both the KM 
estimator and the Competing Risk method. The discrepancy between the lines represents the bias, which 
is introduced by erroneous usage of the KM analysis.
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surgery will undoubtedly increase.21 A reliable and durable revision technique, 
for failed THA, is therefore very desirable. Our study shows that impaction 
allograft reconstruction of the acetabulum offers a durable and successful method 
for revision THA. The cumulative failure rates in our study, with use of the CR 
analysis, were 24.2% for the endpoint ‘re-revision for any reason’ and 14.5% 
for the endpoint re-revision for ‘aseptic loosening’ after a mean follow-up of 27 
years (25 to 3). :e believe that our findings are important as this is the longest 
outcome study to date following revision of a failed THA.
2wing to our long follow-up, comparison of our results with others is difficult. 
Recent studies from other centres show that impaction bone grafting remains a 
valuable technique in acetabular revision surgery, these studies in general show 
promising results but with shorter follow-up (Table I).5-9
Compared with our previous study12 the longer-term survival deteriorated 
because of two additional re-revisions (one for aseptic loosening and one for 
wear) (Table I).22
$ significant limitation of our study is that few patients were alive at the 
final review in 0arch 2. The outcome, however, of every reconstruction was 
known, including those patients who had died. Moreover, the clinical outcome of 
all patients is also known producing a ‘loss-to-follow-up’ quotient of zero, which 
is considered ideal.23 In addition to that we believe that our survival outcome 
remains accurate with ten hips in ten patients available at latest follow-up (16% of 
the original cohort). Pocock, Clayton and Altman24 stated that KM analysis may 
become unreliable when the number of patients available for analysis falls below 
10% of the original patient population.
We have also evaluated the outcome of the 11 acetabular impaction grafting re-
revisions after the acetabular reconstructions of this current study failed. These 11 
re-revisions were recently described.25 We have shown that acetabular re-revisions 
are possible, using the same reconstruction technique and once more a standard 
cemented polyethylene component. We could not detect a relationship between 
the type of acetabular defects found at the index revision and the risk of a further 
re-revision. This was probably because our initial study cohort of 62 revisions 
was too small to detect a relationship. Nevertheless, in revision cases with 
reconstruction of very extensive defects, a further re-revision is often relatively 
straightforward, as most of the original bone graft placed during revision will 
have incorporated, despite the loosening process. We believe bone grafting during 
revision surgery facilitates successful future re-revision.
However, with all acetabular reconstructive techniques, it has been shown 
that the outcome of impaction bone grafting is less successful in larger defects: 
*ilbody et al9 have suggested that for Paprosky22 grade I and II defects impaction 
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grafting with a cemented acetabular component allows reliable restoration of 
anatomy and bone stock, but larger Paprosky grade III defects may be better 
managed with other techniques. In these demanding procedures we believe that 
the post-operative treatment protocol is important. We used a very conservative 
post-operative treatment protocol with bed rest up to six weeks after impaction 
grafting in cases with extensive acetabular bone defects. We have achieved 
excellent results at ten years with this approach.26 A new promising development 
for the reconstruction of larger defects may be acetabular impaction grafting in 
combination with trabecular metal augments.27 These augments may be helpful 
and improve the initial stability of the construct. The KM analysis remains a valid 
method to estimate component survival when no competing events have occurred. 
However, we believe the use of the CR analysis improves the robustness of the 
data analysis whenever ‘CRs’ are present. The use of the KM estimator may 
introduce bias.28 The resulting bias is greater when the hazard of the competing 
events is larger, as occurs in very long follow-up studies. In this long-term follow-
up study, we have shown the high number of competing events with KM analysis 
overestimates the failure rate by 74% for the endpoint ‘re-revision for any reason’. 
For the endpoint ‘re-revision for aseptic loosening’ the over estimation is 92% as 
there are more competing events.
Our current study shows that acetabular impaction bone grafting revisions 
provide good clinical results at over 25 years of follow-up. We have also shown, 
after long-term follow-up, the KM analysis over estimates the probability of 
revision surgery by ignoring CRs. CR analysis gives a better estimate of the 
longer-term risk of re-revision.
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
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were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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surgery will undoubtedly increase.21 A reliable and durable revision technique, 
for failed THA, is therefore very desirable. Our study shows that impaction 
allograft reconstruction of the acetabulum offers a durable and successful method 
for revision THA. The cumulative failure rates in our study, with use of the CR 
analysis, were 24.2% for the endpoint ‘re-revision for any reason’ and 14.5% 
for the endpoint re-revision for ‘aseptic loosening’ after a mean follow-up of 27 
\ears  to  :e belieYe that our findings are imSortant as this is the longest 
outcome study to date following revision of a failed THA.
2Zing to our long folloZuS comSarison of our results Zith others is difficult 
Recent studies from other centres show that impaction bone grafting remains a 
valuable technique in acetabular revision surgery, these studies in general show 
promising results but with shorter follow-up (Table I).5-9
Compared with our previous study12 the longer-term survival deteriorated 
because of two additional re-revisions (one for aseptic loosening and one for 
wear) (Table I).22
$ significant limitation of our stud\ is that feZ Satients Zere aliYe at the 
final reYieZ in 0arch  The outcome hoZeYer of eYer\ reconstruction Zas 
known, including those patients who had died. Moreover, the clinical outcome of 
all patients is also known producing a ‘loss-to-follow-up’ quotient of zero, which 
is considered ideal.23 In addition to that we believe that our survival outcome 
remains accurate with ten hips in ten patients available at latest follow-up (16% of 
the original cohort). Pocock, Clayton and Altman24 stated that KM analysis may 
become unreliable when the number of patients available for analysis falls below 
10% of the original patient population.
We have also evaluated the outcome of the 11 acetabular impaction grafting re-
revisions after the acetabular reconstructions of this current study failed. These 11 
re-revisions were recently described.25 We have shown that acetabular re-revisions 
are possible, using the same reconstruction technique and once more a standard 
cemented polyethylene component. We could not detect a relationship between 
the type of acetabular defects found at the index revision and the risk of a further 
re-revision. This was probably because our initial study cohort of 62 revisions 
was too small to detect a relationship. Nevertheless, in revision cases with 
reconstruction of very extensive defects, a further re-revision is often relatively 
straightforward, as most of the original bone graft placed during revision will 
have incorporated, despite the loosening process. We believe bone grafting during 
revision surgery facilitates successful future re-revision.
However, with all acetabular reconstructive techniques, it has been shown 
that the outcome of imSaction bone grafting is less successful in larger defects 
*ilbod\ et al9 have suggested that for Paprosky22 grade I and II defects impaction 
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grafting with a cemented acetabular component allows reliable restoration of 
anatomy and bone stock, but larger Paprosky grade III defects may be better 
managed with other tech iques. In th se demanding procedures we beli ve that 
the post-operative treatm nt protocol is important. We us d a very conservative 
post-operative treatment pr tocol w th bed rest up t  six weeks after impactio  
grafting in cases with extensive acetabular bone defects. We have achieved 
excellent results at ten years with this approach.26 A new promising development 
for the reconstruction of larger defects m y be acetabular impaction grafting n 
combination with trabecular metal augment .27 These augm nts may be helpful 
and improve the initial s ability of the construct. The KM analysi  remains a val d 
method to estimate compo ent survival when no o pe ing ev nts h ve ccurred. 
However, we elieve the use of the CR analysis improves the robus n ss of the 
data a alysis whenever ‘CRs’ are present. The use of the KM estimator may 
introduce bias.28 The resulting bias is greater when e hazard of the competing 
events is larg r, as occurs in very long follow-up studies. In this long-ter  follow-
up study, we have shown the hig  number of competing events with KM analysis 
overesti at s the failure rate by 74% for the endpoint ‘re-r vision for any reason’. 
For the endpoi t ‘re-revision for aseptic loosening’ the ver estimation is 92% as 
there are mor  c peting events.
Our current study shows that ac tabular impaction bone grafting revisions 
provide good clinical results at over 25 years of follow-up. We have also shown, 
after long-term follow-up, the KM analysis over estimates the probability of 
revision surgery by ignoring CRs. CR analysis gives a better estimate of the 
longer-term risk of re-revision.
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Study Number of hips / 
patients
Gender Pre-operative 
bone stock
Type of graft used Mean Age at 
surgery (yrs) 
(range)
Comba5 149/137 
performed (six 
patients lost 
to follow-up, 
so 142/131 
included)
90 female, 
41 male
AAOS14 I 12
AAOS II 61
AAOS III 69
Fresh–frozen 66
(31 to 90)
Van Haaren6 76/73 performed 
(71 hips 
available for 
review)
NS AAOS14 I 13
AAOS II 17
AAOS III 35
AAOS IV 6
Fresh–frozen 69.1
(32.8 to 91.4)
Emms7 123/110 
performed (86/74 
reviewed both 
clinically and 
radiologically, 28 
patients died and 
five were lost to 
follow-up)
55 female, 
55 male
AAOS14 I 27
AAOS II 63
AAOS III 28
AAOS IV 5
Irradiated 64.3
(26 to 97)
Garcia-Cimbrelo8 208/181 (27 
hips were 
excluded for 
several reasons 
(of whom nine 
patients died 
and 13 were lost 
to follow-up) so 
181/165 were 
included)
120 female, 
61 male
Paprosky22 IIIA 98
Paprosky IIIB 83
Fresh–frozen Paprosky 3A 67.5
(28 to 89)/ 
Paprosky 3B  64.3
(31 to 86)
Gilbody9 304/292 (136 
patients died, 
two patients 
were lost to 
follow-up)
185 female, 
107 male
Paprosky22 7
Paprosky IIA 82
Paprosky IIB 93
Paprosky IIC 49
Paprosky III 49
Paprosky IIIB 24
Fresh–frozen 
(144), Pasteurised 
(57), Irradiated 
(29), mixture (48), 
not recorded (26)
70.3
(34 to 95)
Previous study12 62/58 performed 
(15 patients 
with 16 
reconstructions 
still alive, no hips 
lost to follow-up)
45 female, 
13 male
AAOS14 II 39
AAOS III 23
Fresh–frozen 59.2
(23 to 82)
Current study 62/58 performed 
(ten patients 
with ten 
reconstructions 
still alive, no hips 
lost to follow-up)
45 female,  
13 male
AAOS14 II 39
AAOS III 23
Fresh–frozen 59.2
(23 to 82)
Table I
outcomes of recent acetabular impaction grafting studies from several centres.
AAOS, American Academy of Orthopaedic Surgeons; NS, not specified
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Mean follow-
up length 
(yrs) (range)
Re-revisions Acetabular component 
survivorship
Post-operative 
complications
4.3
(2 to 13)
Six re-revisions: aseptic loosening in 
three, deep infection in three
Re-revision for any reason 95.8% 
(95% CI 92.3 to 99.1) and 97.9% 
excluding infected cases
Nine dislocations, three 
deep infections
7.2
(1.6 to 9.7)
25 re-revisions: aseptic loosening in 
18, deep infection in five, following 
trauma in two
Aseptic loosening 72% (95% CI 
54.4 to 80.5)
Dislocation NS, five 
deep infections
10.3
(5 to 16.4)
19 re-revisions: aseptic loosening 
in seven, deep infection in nine, 
dislocation in three
Re-revision 83.3% (95% CI 68 to 
89) at ten years and 71.3% (95% 
CI 59 to 84) at 15 years.
Three dislocations, nine 
deep infections
7.5
(0.3 to 17.7)
12 re-revisions: 11 aseptic 
loosening, one deep infection
Re-revision at eight years 84% 
(95% CI 61 to 100) for Paprosky 
3A and 82% (95% CI 68 to 100) 
for Paprosky 3B
Four dislocations, one 
deep infection
12.4
(10.0 to 16.0)
37 re-revisions: 33 aseptic 
loosening, deep infection one, 
dislocation in three
Re-revision for aseptic loosening 
was 85.9% (95% CI 81.0 to 90.8) 
at 13.5 years
Ten dislocations, one 
deep infection
22.2
(20 to 25)
13 re-revisions: aseptic loosening 
in eight, deep infection in two, 
polyethylene wear in two, and a 
acetabular component re-revision for 
femoral mismatch in one
Re-revision for any reason was 
75% (95% CI 62 to 88) and for 
aseptic loosening 87% (95% CI 
76 to 97) at 20 years
Two dislocations, two 
deep infections
27
(25 to 30)
15 re-revisions: aseptic loosening 
in nine, deep infection in two, 
polyethylene wear in three, and an 
acetabular component re-revision for 
femoral mismatch in one
Re-revision for any reason was 
58% (95% CI 38 to 73) and for 
aseptic loosening 72% (95% CI 
51 to 85) at 27 years.
Two dislocations, two 
deep infections
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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Study Number of hips / 
patients
Gender Pre-operative 
bone stock
Type of graft used Mean Age at 
surgery (yrs) 
(range)
Comba5 149/137 
performed (six 
patients lost 
to follow-up, 
so 142/131 
included)
90 female, 
41 male
AAOS14 I 12
AAOS II 61
AAOS III 69
Fresh–frozen 66
(31 to 90)
Van Haaren6 76/73 performed 
(71 hips 
available for 
review)
NS AAOS14 I 13
AAOS II 17
AAOS III 35
AAOS IV 6
Fresh–frozen 69.1
(32.8 to 91.4)
Emms7 123/110 
performed (86/74 
reviewed both 
clinically and 
radiologically, 28 
patients died and 
five were lost to 
follow-up)
55 female, 
55 male
AAOS14 I 27
AAOS II 63
AAOS III 28
AAOS IV 5
Irradiated 64.3
(26 to 97)
Garcia-Cimbrelo8 208/181 (27 
hips were 
excluded for 
several reasons 
(of whom nine 
patients died 
and 13 were lost 
to follow-up) so 
181/165 were 
included)
120 female, 
61 male
Paprosky22 IIIA 98
Paprosky IIIB 83
Fresh–frozen Paprosky 3A 67.5
(28 to 89)/ 
Paprosky 3B  64.3
(31 to 86)
Gilbody9 304/292 (136 
patients died, 
two patients 
were lost to 
follow-up)
185 female, 
107 male
Paprosky22 7
Paprosky IIA 82
Paprosky IIB 93
Paprosky IIC 49
Paprosky III 49
Paprosky IIIB 24
Fresh–frozen 
(144), Pasteurised 
(57), Irradiated 
(29), mixture (48), 
not recorded (26)
70.3
(34 to 95)
Previous study12 62/58 performed 
(15 patients 
with 16 
reconstructions 
still alive, no hips 
lost to follow-up)
45 female, 
13 male
AAOS14 II 39
AAOS III 23
Fresh–frozen 59.2
(23 to 82)
Current study 62/58 performed 
(ten patients 
with ten 
reconstructions 
still alive, no hips 
lost to follow-up)
45 female,  
13 male
AAOS14 II 39
AAOS III 23
Fresh–frozen 59.2
(23 to 82)
Table I
outcomes of recent acetabular impaction grafting studies from several centres.
AAOS, American Academy of Orthopaedic Surgeons; NS, not specified
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Mean follow-
up length 
(yrs) (range)
Re-revisions Acetabular component 
survivorship
Post-operative 
complications
4.3
(2 to 13)
Six re-revisions: aseptic loosening in 
three, deep infection in three
Re-revision for any reason 95.8% 
(95% CI 92.3 to 99.1) and 97.9% 
excluding infec ed cases
Nine dislocations, three 
deep infections
7.2
(1.6 to 9.7)
25 re-revisions: aseptic loosening in 
18, deep infection in five, following 
trauma in two
Aseptic loosening 72% (95% CI 
54.4 to 80.5)
Dislocation NS, five 
deep infections
10.3
(5 to 16.4)
19 re-revisions: aseptic loosening 
in seven, de p infection in nine, 
dislocation in three
Re-revision 83.3% (95% CI 68 to 
89) at ten years and 71.3% (95% 
CI 59 to 84) at 15 years.
Three dislocations, nine 
deep infections
7.5
(0.3 to 17.7)
12 re-revisions: 11 aseptic 
loosening, one deep infection
Re-revision at eight years 84% 
(95% CI 61 to 100) for Paprosky 
3A and 82% (95% CI 68 to 100) 
for Paprosky 3B
Four dislocations, one 
deep infection
12.4
(10.0 to 16.0)
37 re-revisions: 33 aseptic 
loosening, deep infection one, 
dislocation in three
Re-revision for aseptic loosening 
was 85.9% (95% CI 81.0 to 90.8) 
at 13.5 years
Ten dislocations, one 
deep infection
22.2
(20 to 25)
13 re-revisions: aseptic loosening 
in eight, deep infection in two, 
polyethylene wear in two, and a 
acetabular component re-revision for 
femoral mismatch in one
Re-revision for any reason was 
75% (95% CI 62 to 88) and for 
aseptic loosening 87% (95% CI 
76 to 97) at 20 years
Two dislocations, two 
deep inf ctions
27
(25 to 30)
15 re-revisions: aseptic loosening 
in nine, deep infection in two, 
polyethylene wear in three, and an 
acetabular component re-revision for 
femoral mismatch in one
Re-revision for any reason was 
58% (95% CI 38 to 73) and for 
aseptic loosening 72% (95% CI 
51 to 85) at 27 years.
Two dislocations, two 
deep infections
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InTRoDUCTIon
The surgical management of the bone deficient acetabulum is one of the greatest 
challenges in hip surgery.1 The aims of acetabular revision surgery include 
the restoration of hip biomechanics, the prevention of further bone loss and 
ideally to promote new bone formation. Impaction allograft bone grafting is an 
attractive biological method of reconstruction, since it can restore the bone loss.2,3 
Impaction bone grafting has proven its value at over 30 years since introduction 
by the Nijmegen group4 and the success has been reproduced widely.5-9 We have 
previously described the outcome of the acetabular revisions with impaction 
allograft bone grafting in combination with a cemented acetabular component, 
with acceptable results up to 25 years of follow-up.10-12 Nevertheless, only 
continued long-term clinical follow-up can show the true value of a technique. 
This study provides an update on the outcome of this series of patients at 25 to 
30 years after surgery. However, with very long follow-up, the commonly used 
Kaplan–Meier (KM) survivorship analysis introduces potential bias by ignoring 
the ‘competing events’ that can occur during the extended follow-up period (i.e. 
death from unrelated causes). Therefore, in addition to survivorship analysis we 
have also performed a Competing Risk (CR) analysis, in order to assess if this 
method indicates better the risk of needing further revision surgery.
pATIenTS AnD MeThoDS
Between January 1979 and March 1986, 62 acetabular revision arthroplasties 
were performed using impacted morsellised bone allografts and a cemented 
acetabular component in 58 patients with a failed total hip arthroplasty (THA). 
All patients were prospectively followed. Revision surgery was undertaken on 44 
cemented and six un-cemented THAs, nine double-cup resurfacing arthroplasties 
and three failed hemi-arthroplasties with migration of the femoral head into the 
acetabulum. The original diagnosis was primary osteoarthritis (OA) in 29 hips 
and secondary OA in 29, mainly as a consequence of childhood hip disorders, 
and in four hips; rheumatoid arthritis. The indication for revision surgery was 
either aseptic (58 hips) or septic (four hips) loosening. Previous revision surgery 
had been undertaken in two patients, once and twice, respectively. The group 
comprised 13 men and 45 women with a mean age at revision of 59.2 years (23 to 
82). A total of 37 (60%) procedures were left sided.
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ABSTRACT
Introduction
)or the revision of failed acetabular components impaction bone grafting (I%*) 
with a cemented cup is a well known technique. Claims have been made that this 
is a biological reconstruction technique, restoring the bone stock loss and thereby 
facilitating future revisions. However, there are no scientific data proving this 
claim.
patients and Methods
In this study, we present the clinical and radiographic outcome of 11 consecutive 
acetabular re-revisions in  patients with again I%* and a cemented polyethylene 
cup observed in a previously reported cohort of 2 acetabular I%* revisions. 
All data were prospectively collected. Kaplan-Meier survivorship analysis was 
performed.
Results
The mean follow-up after re-revision was 10 years (5-15) and 28 years (26-30) 
after the primary revision. No patients were lost to follow-up. The mean HHS 
improved from 3 (2-49) points to  (4-95) points at final follow-up. Survival 
with further cup revision for any reason as endpoint was 9% (95% confidence 
interval (CI) 51-99) at 10 years. When excluding one early cup re-re-revision for 
malpositioning 3 weeks postoperative, survivorship with further cup revision for 
aseptic loosening as endpoint was 100% (95% CI 37-100) at 10 years. Survival 
with further cup re-operation for any reason as endpoint was 82% (95% CI 45-
95). In all surviving re-revisions trabecular incorporation was observed without 
radiolucent lines.
Conclusion
This study shows that, due to restoring the bone stock, even successive acetabular 
reconstructions using I%* and a cemented cup are possible with satisfying  
years survivorship.
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by 
the loosening process and subsequent procedures to remove the prosthesis and, if 
appropriate, the cement.
,mSaction bone grafting ,%* is an attractiYe biological reconstruction 
method in revision hip surgery because it can restore the bone loss.1,2 Previously, 
Ze haYe described the long term outcome of the acetabular reYisions Zith ,%* in 
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed. 
$s it has been claimed that b\ using ,%* future reYisions are facilitated Ze 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again Serformed Zith ,%* and a cemented cuS as this is our standard aSSroach 
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of 
acetabular rereYisions Zith use of ,%* and a cemented Sol\eth\lene cuS after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Between January 1979 and March 1986, 62 acetabular revisions were performed 
using ,%* and a cemented Sol\eth\lene cuS in  Satients3 We reviewed this 
original series in December 2011 to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic loosening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular revisions, 13 cups in 12 patients were re-revised 
between July 1991 and May 2007. There were 2 cups re-revised in another 
hosSital and e[cluded +ence the final stud\ grouS e[isted of  acetabular ,%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for re-revision was aseptic loosening of the cup in 8 hips, 
Zear in  and mismatch of a Zellfi[ed cuS during a femoral reYision in one ,n  
patient 2 earlier cup revisions on both hips had been performed, in all 9 other hips 
the ,%* reconstruction Zas the first reYision The grouS e[isted of  men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by 
the loosening process and subsequent procedures to remove the prosthesis and, if 
appropriate, the cement.
Impaction bone grafting (I%*) is an attractive biological reconstruction 
method in revision hip surgery because it can restore the bone loss.1,2 Previously, 
we have described the long term outcome of the acetabular revisions with I%* in 
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed. 
$s it has been claimed that by using I%* future revisions are facilitated, we 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again performed with I%* and a cemented cup, as this is our standard approach 
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of 
acetabular re-revisions with use of I%* and a cemented polyethylene cup after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Between January 1979 and March 1986, 62 acetabular revisions were performed 
using I%* and a cemented polyethylene cup in 58 patients.3 We reviewed this 
original series in December 2011 to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic loosening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular revisions, 13 cups in 12 patients were re-revised 
between July 1991 and May 2007. There were 2 cups re-revised in another 
hospital and excluded. Hence, the final study group existed of  acetabular I%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for re-revision was aseptic loosening of the cup in 8 hips, 
wear in 2 and mismatch of a well-fixed cup during a femoral revision in one. In  
patient 2 earlier cup revisions on both hips had been performed, in all 9 other hips 
the I%* reconstruction was the first revision. The group existed of 3 men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
132
Chapter 9
ABSTRACT
Introduction
)or the reYision of failed acetabular comSonents imSaction bone grafting ,%* 
with a cemented cup is a well known technique. Claims have been made that this 
is a biological reconstruction technique, restoring the bone stock loss and thereby 
facilitating future reYisions +oZeYer there are no scientific data SroYing this 
claim.
patients and Methods
In this study, we present the clinical and radiographic outcome of 11 consecutive 
acetabular rereYisions in  Satients Zith again ,%* and a cemented Sol\eth\lene 
cuS obserYed in a SreYiousl\ reSorted cohort of  acetabular ,%* reYisions 
All data were prospectively collected. Kaplan-Meier survivorship analysis was 
performed.
Results
The mean follow-up after re-revision was 10 years (5-15) and 28 years (26-30) 
after the primary revision. No patients were lost to follow-up. The mean HHS 
imSroYed from   Soints to   Soints at final folloZuS 6urYiYal 
Zith further cuS reYision for an\ reason as endSoint Zas   confidence 
interval (CI) 51-99) at 10 years. When excluding one early cup re-re-revision for 
malpositioning 3 weeks postoperative, survivorship with further cup revision for 
aseptic loosening as endpoint was 100% (95% CI 37-100) at 10 years. Survival 
with further cup re-operation for any reason as endpoint was 82% (95% CI 45-
95). In all surviving re-revisions trabecular incorporation was observed without 
radiolucent lines.
Conclusion
This study shows that, due to restoring the bone stock, even successive acetabular 
reconstructions using ,%* and a cemented cuS are Sossible Zith satisf\ing  
years survivorship.
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the los  of bone stock caused by 
the lo sening proces  and subsequent procedures to remove the prosthesis and, if 
ap ropriate, the cement.
,mSaction bone grafting ,%* is an attractiYe biological reconstruction 
method in revision hip surgery because it can restore the bone los .1,2 Previously, 
Ze haYe described the long term outcome of the acetabular eYisions Zith ,%* in 
combination with a cemented cup, with ac eptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular evisions failed. 
$s it has be n claimed that b\ using ,%* future reYisions are facil tated Ze 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again Serformed Zith ,%* and a cemented cuS as this is our standard aSSroach 
for all acetabular econstructions with bone stock los .
The aim of this study was to report he clinical and radiographic outcome of 
acetabular ereYisions Zith use of ,%* and a cemented Sol\eth\lene cuS after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Betwe n January 1979 and March 1986, 62 acetabular evisions were performed 
using ,%* and a cemented Sol\eth\lene cuS in  Satients3 We reviewed this 
original series in December 201  to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic lo sening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular evisions, 13 cups in 12 patients were re-revised 
betwe n July 19 1 and May 20 7. There were 2 cups re-revised in another 
hosSital and e[cluded +ence the final stud\ grouS e[isted of   acetabular ,%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for e-revision was aseptic lo sening of the cup in 8 hips, 
Zear in  and mismatch of a Zellfi[ed cuS during a femoral reYision in one ,n  
patient 2 earlier cup revisions on both hips had be n performed, in all 9 other hips 
the ,%* reconstruction Zas the first reYision The grouS e[isted of  men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
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2perative techniTue
The posterolateral approach was used in all patients, a trochanteric osteotomy was 
used in 1 case. In none of these patients an infection was suspected, hence a single-
stage re-revision was performed in all. After removing the old cup, segmental 
defects in the acetabular wall were reconstructed with the use of metal meshes. 
In 6 hips a superolateral rim mesh, in 1 a medial mesh and in 4 a combination of 
both was used.
Next the now cavitary bone defects were filled with allograft bone chips. These 
were produced from fresh-frozen femoral heads from the bone bank. Between 
1 and 3 heads were used in each case. These were morsellised with a rongeur 
during the operation to provide cancellous chips with a diameter of 8 mm-12 
mm. Impaction was performed using specially designed metal impactors and 
a hammer. The last impactor used was at least 2 mm oversized relative to the 
implanted cup to guarantee a cement mantle of sufficient thickness. The aim was 
to reconstruct the original centre of rotation of the hip. We used the transverse 
ligament as anatomical landmark. After this, cement was pressurised on top of 
the graft using a seal. A total of 8 Müller 32-mm cups, 1 Allopro 32-mm (Sulzer, 
Wintherthur, Switzerland), 1 Elite Plus 28-mm (DePuy, Leeds, United Kingdom) 
and 1 Exeter 28-mm RSA (Stryker-Howmedica, Newbury, United Kingdom) 
cup were introduced in combination with antibiotic-loaded bone Palacos cement 
(Merck, Darmstadt, Germany) in 1 hip and Surgical Simplex (Stryker-Howmedica, 
Newbury, United Kingdom) in 10 hips.
The postoperative treatment protocol changed during the years and also greatly 
depends on the complexity of the acetabular reconstruction. In general, the first 
revisions had bed rest for 6 weeks with passive movement of the operated hip 
started 24 hours postoperatively, the next 6 weeks toe-touch weight bearing was 
allowed, and the last next 6 weeks the patients were permitted to load 50% body 
weight on the affected hip with use of 2 crutches. Due to increased experience 
with the impaction grafting technique the duration of the bed rest was reduced, 
and currently patients start toe-touch weight bearing 2 days after surgery (Table I).
Clinical evaluation
Clinical data were prospectively collected preoperatively and 6 weeks, 3, 6 and 12 
months after surgery by an independent observer. Thereafter, patients were seen 
annually or until their death, and all data were included in this report. Clinical 
evaluation was performed using the Harris Hip Score (HHS, 0-100: best score 
100)4 and visual analogue scales (VAS, 0-100), assessing pain at rest, pain during 
physical activities (worst score 100), and satisfaction (best score 100).
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by 
the loosening process and subsequent procedures to remove the prosthesis and, if 
appropriate, the cement.
Impaction bone grafting (I%*) is an attractive biological reconstruction 
method in revision hip surgery because it can restore the bone loss.1,2 Previously, 
we have described the long term outcome of the acetabular revisions with I%* in 
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed. 
$s it has been claimed that by using I%* future revisions are facilitated, we 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again performed with I%* and a cemented cup, as this is our standard approach 
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of 
acetabular re-revisions with use of I%* and a cemented polyethylene cup after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Between January 1979 and March 1986, 62 acetabular revisions were performed 
using I%* and a cemented polyethylene cup in 58 patients.3 We reviewed this 
original series in December 2011 to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic loosening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular revisions, 13 cups in 12 patients were re-revised 
between July 1991 and May 2007. There were 2 cups re-revised in another 
hospital and excluded. Hence, the final study group existed of  acetabular I%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for re-revision was aseptic loosening of the cup in 8 hips, 
wear in 2 and mismatch of a well-fixed cup during a femoral revision in one. In  
patient 2 earlier cup revisions on both hips had been performed, in all 9 other hips 
the I%* reconstruction was the first revision. The group existed of 3 men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
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Operative technique
The posterolateral approach was used in all patients, a trochanteric osteotomy was 
used in 1 case. In none of these patien s an infection was suspected, hence  single-
stage re-revision wa  performed in all. After r m ving the old cup, segmental 
defects in he acetabular wall were reconstructed with the use of metal meshes. 
In 6 hips a superolateral rim mesh, in 1 a medial mesh and in 4 a combi a ion of 
both was used.
Next the now cavitary bone defects were filled with allog aft bone chips. These 
were produced from fresh-frozen femor l h ads from the bone bank. Between 
1 and 3 heads were used in each case. These wer  morsellised with a rongeur 
during the op ration to provide cancellous chips with a diamet r of 8 mm-12 
mm. Impaction was perfor d using specially designed metal impact rs and 
a h mmer. The last impactor used was at least 2 mm oversized rel tive to the 
impl nted cup to guara tee a cement mantl  of sufficient thickness. The aim was 
to reconstruct the original centre of rota ion of the hip. We used the transverse 
ligament s anatom cal landmark. After this, cement was pressurised on top of 
the graft using a seal. A total of 8 Müller 32-mm cups, 1 Allopro 32-mm (Sulzer, 
Wintherthur, Switzerland), 1 Elite Plus 28-mm (DePuy, Leeds, United Kingdom) 
and 1 Exeter 28-mm RSA (Stryker-Howmedica, Newbury, United Kingdom) 
cup were introduced in combination with antibiotic-loaded bone Palacos cement 
(Merck, Darmstadt, Germany) in 1 hip and Surgical Simplex (Stryker-Howmedica, 
Newbury, United Kingdom) in 10 hips.
The postoperative treatment protocol changed during the years and also greatly 
depends on the complexity of the acetabular reconstructio . In general, th  first 
rev sions had bed r st for 6 weeks with passive ovement of the op rated hip 
started 24 hours postoperati ely, the next 6 weeks toe-touch weight b ari  was 
allowed, and the last next 6 weeks the pati nts w e permitted to load 50% body 
weight on the affected hip with use of 2 crutches. Due to increased xpe ienc  
with th  impaction gr fting technique the duration of the bed st was reduced, 
and currently patients start toe-touch weight bearing 2 days after surgery (Table I).
Clinical evaluation
Clinical dat  were prospectively collected preoperatively and 6 weeks, 3, 6 and 12 
months aft r surgery by an i dependent observer. Thereafter, patients were seen 
annually or until their death, and all data were included in this report. Clinical 
evaluation was perform d using the Harris Hip Score (HHS, 0-100: best score 
100)4 and visual analogue scales (VAS, 0-100), assessing pain at rest, pain during 
physical activities (worst score 100), and satisfaction (best score 100).
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Radiological evaluation
Anteroposterior views of the pelvis were assessed by two authors (MAJS, BWS) 
based on consensus opinion. Acetabular defects were assessed by comparing the 
preoperative and first postoperative radiographs and the surgical record according 
to the $merican $cademy of 2rthopaedic Surgeons classification5: all hips had 
combined cavitary and segmental defects. Radiolucent lines, defined as lines 
greater than 2 mm in width, were scored in the 3 zones of DeLee and Charnley.6 
Migration of the acetabular component was estimated in relation to the line 
between the teardrops.7 Trabecular incorporation was evaluated with use of the 
criteria of Conn et al.8 Radiological failure was defined as migration more than 5 
mm in any direction or progressive radiolucent lines in all 3 zones.
Statistics
For statistical analysis we used Kaplan-Meier survivorship analysis with the 95% 
confidence interval (CI). Endpoints used were further revision of the cup for any 
reason, for aseptic loosening and further re-operation of the cup for any reason.
ReSUlTS
Clinical results
At review in December 2011, the 4 still living patients with an intact acetabular 
re-revision were assessed after a mean follow-up of 10 years (5-15). The mean 
follow-up after their primary revisions was 28 years (26-30).
Two cups had been revised again. In the first a re-re-revision was performed 
for aseptic loosening at 12 years after the index re-revision. In the second an early 
re-re-revision was performed 3 weeks after the index re-revision for recurrent 
dislocations. Intraoperatively, the cup that was placed 3 weeks earlier was well 
fixed, but positioned in a high inclination angle ()ig. -'). This caused the 
dislocations. The cup was removed and more bone graft was used to reconstruct 
the superolateral defects, hereby placing the new cup in more neutral inclination 
()ig. -E). This reconstruction was still functioning well at the moment of review 
in December 2011, 11 years after the re-re-revision (Fig. 1-F).
The mean HHS improved from 37 (12-49) points (n = 7) to 71 (40-95) points 
(n   ) at final follow-up. The mean postoperative 9$S for pain at rest, pain during 
physical activity, and satisfaction were 12 (0-40) points, 18 (0-55) points and 88 
(70-100) points (all n = 6), respectively.
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Radiological results
)olloZuS radiograShs Zere comSlete for all  hiSs $t final folloZuS in all 
9 surviving re-revisions trabecular incorporation was observed. No radiolucent 
lines were seen. In the cup that had been revised again 12 years postoperatively 
for aseptic loosening radiolucent lines were seen in all zones before re-re-revision.
1one of the cuSs had migrated at final folloZuS TZo hiSs Zere reconstructed Zith 
a high inclination angle, 1 of these was revised again for recurrent dislocations as 
mentioned before. For a radiographic example, see Figure 1.
Complications and re-operations
Postoperative complications included dislocation in 3 patients. One patient was 
treated with an early cup re-re-revision 3 weeks postoperative as mentioned 
figure 1. A) Anteroposterior radiograph of a double cup prosthesis 6 years postoperative. Both these 
components were revised for aseptic loosening; B) 2 years after the revision, performed with IBG and 
a medial mesh; C) 13 years after the revision. It was decided to re-revise the cup because of starting 
aseptic loosening in zone 1; D) Direct after the re-revision again performed with IBG and a medial mesh. 
Unfortunately, the cup was placed in a high inclination angle causing dislocations. Therefore, a re-re-
revision was performed 3 weeks later; E) 3 months after the re-re-revision during which the cup in situ was 
removed, and a new reconstruction was performed with an additional metal mesh and IBG superolateral. 
By doing this, the new cup was placed in a more neutral inclination; F) 11 years after this re-re-revision. 
The cup is stable with trabecular incorporation, 25 years after the first use of IBG in this acetabulum and 
31 years after her first hip arthroplasty. No new dislocations occurred.
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by 
the loosening process and subsequent procedures to remove the prosthesis and, if 
appropriate, the cement.
Impaction bone grafting (I%*) is an attractive biological reconstruction 
method in revision hip surgery because it can restore the bone loss.1,2 Previously, 
we have described the long term outcome of the acetabular revisions with I%* in 
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed. 
$s it has been claimed that by using I%* future revisions are facilitated, we 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again performed with I%* and a cemented cup, as this is our standard approach 
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of 
acetabular re-revisions with use of I%* and a cemented polyethylene cup after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Between January 1979 and March 1986, 62 acetabular revisions were performed 
using I%* and a cemented polyethylene cup in 58 patients.3 We reviewed this 
original series in December 2011 to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic loosening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular revisions, 13 cups in 12 patients were re-revised 
between July 1991 and May 2007. There were 2 cups re-revised in another 
hospital and excluded. Hence, the final study group existed of  acetabular I%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for re-revision was aseptic loosening of the cup in 8 hips, 
wear in 2 and mismatch of a well-fixed cup during a femoral revision in one. In  
patient 2 earlier cup revisions on both hips had been performed, in all 9 other hips 
the I%* reconstruction was the first revision. The group existed of 3 men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
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Radiological evaluation
Anteroposterior views of the pelvis were assessed by two authors (MAJS, BWS) 
based on consensus opinion. Acetabular defects were assessed by comparing the 
SreoSeratiYe and first SostoSeratiYe radiograShs and the surgical record according 
to the $merican $cadem\ of 2rthoSaedic 6urgeons classification5 all hiSs had 
combined caYitar\ and segmental defects 5adiolucent lines defined as lines 
greater than 2 mm in width, were scored in the 3 zones of DeLee and Charnley.6 
Migration of the acetabular component was estimated in relation to the line 
between the teardrops.7 Trabecular incorporation was evaluated with use of the 
criteria of Conn et al.8 5adiological failure Zas defined as migration more than 5 
mm in any direction or progressive radiolucent lines in all 3 zones.
Statistics
For statistical analysis we used Kaplan-Meier survivorship analysis with the 95% 
confidence interYal &, (ndSoints used Zere further reYision of the cuS for an\ 
reason, for aseptic loosening and further re-operation of the cup for any reason.
ReSUlTS
Clinical results
At review in December 2011, the 4 still living patients with an intact acetabular 
re-revision were assessed after a mean follow-up of 10 years (5-15). The mean 
follow-up after their primary revisions was 28 years (26-30).
TZo cuSs had been reYised again ,n the first a rerereYision Zas Serformed 
for aseptic loosening at 12 years after the index re-revision. In the second an early 
re-re-revision was performed 3 weeks after the index re-revision for recurrent 
dislocations. Intraoperatively, the cup that was placed 3 weeks earlier was well 
fi[ed but Sositioned in a high inclination angle )ig ' This caused the 
dislocations. The cup was removed and more bone graft was used to reconstruct 
the superolateral defects, hereby placing the new cup in more neutral inclination 
)ig ( This reconstruction Zas still functioning Zell at the moment of reYieZ 
in December 2011, 11 years after the re-re-revision (Fig. 1-F).
The mean HHS improved from 37 (12-49) points (n = 7) to 71 (40-95) points 
n    at final folloZuS The mean SostoSeratiYe 9$6 for Sain at rest Sain during 
physical activity, and satisfaction were 12 (0-40) points, 18 (0-55) points and 88 
(70-100) points (all n = 6), respectively.
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Radiologic l results
)olloZuS radiograShs Zere comSlete for all  hiSs $t final folloZuS in all 
9 surviving re-revisions trabecular i corporation was observed. No radio ucent 
lines were seen. In the cup that had been revised again 12 y ars postoperatively 
for as ptic loosen ng radioluc nt lines were seen in a l zones before re-re-revision.
1one of the cuSs had migrated at final folloZuS TZo hiSs Zere reconstructed Zith 
a high inclinat on angl , 1 of these was revised agai  for recurrent dis oca ions as 
mentioned before. For a radiographic example, see Figure 1.
Complications a d re-operations
Postoperative complications included dislocation in 3 patients. One patient was 
treated with an early cup re-re-revision 3 weeks postoperative as mentioned 
figure 1. A) Anteroposterior radiograph of a double cup prosthesis 6 years postoperative. Both these 
components were revised for aseptic loosening; B) 2 years after the revision, performed with IBG and 
a medial mesh; C) 13 years after the revision. It was decided to re-revise the cup because of starting 
aseptic loosening in zo e 1; D) Direct after the re-revision again performed with IBG and a medial mesh. 
Unfortunately, the cup was placed in a high inclination angle causing dislocations. Therefore, a re-re-
revision was performed 3 weeks later; E) 3 months after the re-re-revision during which the cup in situ was 
removed, and a new reconstruction was performed with an additional metal mesh and IBG superolateral. 
By doing this, the new cup was placed in a more neutral inclination; F) 11 years after this re-re-revision. 
The cup is stable with trabecular incorporation, 25 years after the first use of IBG in this acetabulum and 
31 years after her first hip arthroplasty. No new dislocations occurred.
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before. Another dislocating hip was re-operated 2 weeks after the index re-
revision because on plain radiographs there was possible soft tissue interposition 
between the femoral head and the cup. However, intraoperatively no soft tissue 
interposition was found but a bony exostosis in the intertrochanteric region which 
caused the dislocations. This was resected and no further dislocations occurred.
The third dislocating hip also had a high inclination angle after the index re-
revision. Initially, also for this patient a re-operation was considered but because 
of severe systemic comorbidities it was decided to postpone this re-operation, 
and the hip became stable. The patient died 9.5 years after the index re-revision 
without further re-operations.
One patient had a fracture of the greater trochanter caused by a fall 3 years 
postoperative. This fracture was treated conservatively.
Survivorship analysis
The Kaplan-Meier survival analysis at 10 years for the endpoint further cup 
revision for any reason was 91% (95% CI 51-99). When excluding the re-re-
revision for cup malpositioning 3 weeks postoperative, the survival for further 
cup revision for aseptic loosening was 100% (95% one-sided CI 37-100). Survival 
for further cup re-operation for any reason was 82% (95% CI 45-95).
DISCUSSIon
With the current trend of using primary hip implants in ever younger patients, 
surgeons have to consider what to do after failed revisions. To our knowledge, 
this is the first clinical study that describes the satisfying results of successive 
acetabular re-revisions using I%* and a cemented cup after a previous acetabular 
revision with the same technique.
This outcome seems to confirm our previous claims that with I%* and 
cement the bone stock loss can be restored and the normal biomechanics can be 
reconstructed, thereby facilitating future revisions. In all patients the technique 
could be used again, so no special implants were needed and hence a relatively 
inexpensive standard cup implant was used.
A limitation of our study is that the number of patients is small, as the focus 
was on the 11 acetabular re-revisions seen within the original study population 
of 2 cup revisions. $s a result of this the confidence intervals in the .aplan-
0eier analysis are wide. However, we believe that our findings are significant 
as this is the first outcome study of acetabular re-revisions and the follow-up is 
acceptable. The clinical and radiological follow-up was complete including the 
139
Acetabular re-revisions with impaction bone grafting
9
deceased patients producing a loss-to-follow up quotient of zero, which according 
to Murray, Britton and Bulstrode,9 is ideal.
Two patients had their re-revision in another hospital because of the distance 
to our hospital. Although not included in our study, we know that in both cases an 
acetabular rereYision Zas Sossible also confirming our ShilosoSh\ that Zith ,%* 
future re-revisions are facilitated. The techniques used in these two re-revisions 
Zere again ,%* Zith a cemented cuS in  and a 0ueller cage Zith a cemented cuS 
in the other.
6ince this is the first stud\ describing the results of acetabular rereYisions it 
is not possible to compare our results with other series in the literature. However, 
the results of our current study show that the survival of acetabular rerevisions 
Zith ,%* and a cemented cuS are comSarable Zith SreYiousl\ reSorted results of 
acetabular revisions with this technique (Table II).3, 10
In our opinion the key in revision surgery is restoration of the bone stock defects, 
using biological reconstructive techniques. For this, the choices are limited to 
impaction bone grafting and structural allografts. However, some studies have 
reported a high rate of failure with the use of structural allografts.11,12
As for all reconstructive techniques, it has been shown that the outcome 
of ,%* is less oStimal in larger defects %uttaro et al13 have shown that metal 
mesh ,%* and a cemented acetabular comSonent results in a faYorable outcome 
in uncontained acetabular defects of medium severity, but the outcome in more 
e[tensiYe combined deficiencies is less successful (sSeciall\ in these demanding 
cases we think the postoperative treatment protocol is important. We used a very 
conservative postoperative treatment protocol including a 6 weeks bedrest period 
in cases with extensive acetabular bone defects. Of this group with very large 
reconstructions at 10 years after surgery an excellent survival was published with 
,%* but these large reconstructions are technicall\ Yer\ demanding14 Also it is 
very important that for acetabular reconstruction large sized bone chips of 8 to 12 
mm are used.15
Survival endpoint further revision 
for any reason (95% CI)
Survival endpoint further revision 
for aseptic loosening (95% CI)
Revisions with IBG3 93% (86%-100%) 96% (91%-100%)
Re-revisions with IBG (current study) 91% (51%-99%) 100% (37%-100%)
Table II
Comparison between the 10 years survival outcomes of our previously published acetabular revision 
report3 and the current re-revision study.
CI = Confidence interval; IBG = impaction bone grafting
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by 
the loosening process and subsequent procedures to remove the prosthesis and, if 
appropriate, the cement.
Impaction bone grafting (I%*) is an attractive biological reconstruction 
method in revision hip surgery because it can restore the bone loss.1,2 Previously, 
we have described the long term outcome of the acetabular revisions with I%* in 
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed. 
$s it has been claimed that by using I%* future revisions are facilitated, we 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again performed with I%* and a cemented cup, as this is our standard approach 
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of 
acetabular re-revisions with use of I%* and a cemented polyethylene cup after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Between January 1979 and March 1986, 62 acetabular revisions were performed 
using I%* and a cemented polyethylene cup in 58 patients.3 We reviewed this 
original series in December 2011 to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic loosening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular revisions, 13 cups in 12 patients were re-revised 
between July 1991 and May 2007. There were 2 cups re-revised in another 
hospital and excluded. Hence, the final study group existed of  acetabular I%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for re-revision was aseptic loosening of the cup in 8 hips, 
wear in 2 and mismatch of a well-fixed cup during a femoral revision in one. In  
patient 2 earlier cup revisions on both hips had been performed, in all 9 other hips 
the I%* reconstruction was the first revision. The group existed of 3 men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
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before. Another dislocating hip was re-operated 2 weeks after the index re-
revision because on plain radiographs there was possible soft tissue interposition 
between the femoral head and the cup. However, intraoperatively no soft tissue 
interposition was found but a bony exostosis in the intertrochanteric region which 
caused the dislocations. This was resected and no further dislocations occurred.
The third dislocating hip also had a high inclination angle after the index re-
revision. Initially, also for this patient a re-operation was considered but because 
of severe systemic comorbidities it was decided to postpone this re-operation, 
and the hip became stable. The patient died 9.5 years after the index re-revision 
without further re-operations.
One patient had a fracture of the greater trochanter caused by a fall 3 years 
postoperative. This fracture was treated conservatively.
Survivorship analysis
The Kaplan-Meier survival analysis at 10 years for the endpoint further cup 
revision for any reason was 91% (95% CI 51-99). When excluding the re-re-
revision for cup malpositioning 3 weeks postoperative, the survival for further 
cup revision for aseptic loosening was 100% (95% one-sided CI 37-100). Survival 
for further cup re-operation for any reason was 82% (95% CI 45-95).
DISCUSSIon
With the current trend of using primary hip implants in ever younger patients, 
surgeons have to consider what to do after failed revisions. To our knowledge, 
this is the first clinical stud\ that describes the satisf\ing results of successiYe 
acetabular rereYisions using ,%* and a cemented cuS after a SreYious acetabular 
revision with the same technique.
This outcome seems to confirm our SreYious claims that Zith ,%* and 
cement the bone stock loss can be restored and the normal biomechanics can be 
reconstructed, thereby facilitating future revisions. In all patients the technique 
could be used again, so no special implants were needed and hence a relatively 
inexpensive standard cup implant was used.
A limitation of our study is that the number of patients is small, as the focus 
was on the 11 acetabular re-revisions seen within the original study population 
of  cuS reYisions $s a result of this the confidence interYals in the .aSlan
0eier anal\sis are Zide +oZeYer Ze belieYe that our findings are significant 
as this is the first outcome stud\ of acetabular rereYisions and the folloZuS is 
acceptable. The clinical and radiological follow-up was complete including the 
139
Acetabular re-revis ons with impaction bone grafting
9
deceased patients producing a loss-to-follow up quotient of zero, which according 
to Murray, Britton and Bulstrode,9 is ideal.
Two patients had their re-revision in another hospital because of the distance 
to our hospital. Although not includ d in our st dy, we kn w that in both cases an 
acetabular r reYision Zas Sossible also confirming our ShilosoSh\ that Zith ,%* 
future re-revisions are facilitated. The tech iques used in these two re-revisions 
Zere again ,%* Zith a cemented cuS in  and a 0uell r cage Zith a cemented cuS 
in the other.
6ince this is the first stud\ describ ng the results of acet bular rereYisions it 
is not possible to compare our results with other series in the literature. However, 
the results of our current study show that the survival of acetabular rerevisions 
Zith ,%* and a cem nted cuS are comSa able Zith SreYiousl\ reSort d results of 
acetabular revisions with this technique (Table II).3, 10
In our opinion th  key in revision surgery is restoration of the bone stock defects, 
using biological reconstructive techniques. For this, the choices are limited to 
impaction bone grafti g and structural allografts. However, some studies have 
reported a high rate of failure with the use of structural allografts.11,12
As for all reconstructive techniques, it has been shown that the outcome 
of ,%* is less oStimal in larger defects %uttaro et al13 have shown that metal 
mesh ,%* and a cemented acetabular comSonent results in a faYorable outcome 
in uncontained acetabular defects of medium severity, but the outcome in more 
e[tensiYe combined deficiencies is less successful (sSeciall\ in these demanding 
cas s w  think the postoperative treatment protocol is important. We used a very 
conservative postoperative treatment protocol including a 6 weeks bedrest period 
in cases with extensive acetabular bone d fects. Of this group with very larg  
reconstructio s at 10 years after surgery an excell nt survival was published with 
,%* but th se large r constructions are technicall\ Yer\ d mandi g14 Also it is 
very important that for acetabular reconstruction large sized bone chips of 8 to 12 
mm ar  used.15
Survival endpoint further revision 
for any reason (95% CI)
Survival endpoint further revision 
for aseptic loosening (95% CI)
Revisions with IBG3 93% (86%-100%) 96% (91%-100%)
Re-revisions with IBG (current study) 91% (51%-99%) 100% (37%-100%)
Table II
Comparison between the 10 years survival outcomes of our previously published acetabular revision 
report3 and the current re-revision study.
CI = Confidence interval; IBG = impaction bone grafting
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
140
Chapter 9
This study shows that, due to restoring the bone stock, even successive 
acetabular reconstructions using I%* and a cemented polyethylene cup are 
possible with satisfying 10 years survivorship. Impaction bone grafting seems to 
be especially attractive in younger patients, as these have a long life expectancy 
and possibly will outlive even their revision implants.
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InTRoDUCTIon
The main problem in revision hip arthroplasty is the loss of bone stock caused by 
the loosening process and subsequent procedures to remove the prosthesis and, if 
appropriate, the cement.
Impaction bone grafting (I%*) is an attractive biological reconstruction 
method in revision hip surgery because it can restore the bone loss.1,2 Previously, 
we have described the long term outcome of the acetabular revisions with I%* in 
combination with a cemented cup, with acceptable results at 20 to 25 years.3
During this long term follow-up a number of these acetabular revisions failed. 
$s it has been claimed that by using I%* future revisions are facilitated, we 
decided to study the outcome of the re-revisions. All these cup re-revisions were 
again performed with I%* and a cemented cup, as this is our standard approach 
for all acetabular reconstructions with bone stock loss.
The aim of this study was to report the clinical and radiographic outcome of 
acetabular re-revisions with use of I%* and a cemented polyethylene cup after a 
follow-up of 5 to 15 years.
MATeRIAlS AnD MeThoDS
patients
Between January 1979 and March 1986, 62 acetabular revisions were performed 
using I%* and a cemented polyethylene cup in 58 patients.3 We reviewed this 
original series in December 2011 to estimate the number of cups that were re-revised 
since implantation. Two revisions failed early because of septic loosening. Both 
were not reconstructed again but converted to permanent excision arthroplasties. 
Of the remaining 60 acetabular revisions, 13 cups in 12 patients were re-revised 
between July 1991 and May 2007. There were 2 cups re-revised in another 
hospital and excluded. Hence, the final study group existed of  acetabular I%* 
re-revisions in 10 patients. All individual patients characteristics are shown in 
Table I. The indication for re-revision was aseptic loosening of the cup in 8 hips, 
wear in 2 and mismatch of a well-fixed cup during a femoral revision in one. In  
patient 2 earlier cup revisions on both hips had been performed, in all 9 other hips 
the I%* reconstruction was the first revision. The group existed of 3 men and  
women with a mean age at re-revision of 67.5 years (43 to 83). A total of 7 (64%) 
procedures were on the left side.
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This study shows that, due to restoring the bone stock, even successive 
acetabular reconstructions using ,%* and a cemented Sol\eth\lene cuS are 
possible with satisfying 10 years survivorship. Impaction bone grafting seems to 
be especially attractive in younger patients, as these have a long life expectancy 
and possibly will outlive even their revision implants.
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ABSTRACT
Background
The increasing number of total hip arthroplasties (THAs) performed in younger 
patients will inevitably generate larger numbers of revision procedures for this specific 
group of patients. Unfortunately, no satisfying revision method with acceptable 
survivorship 10 years after revision has been described for these patients so far.
Questions/purposes
The purposes of this study were to (1) analyze the clinical outcome; (2) complication 
rate; (3) survivorship; and (4) radiographic outcome of cemented revision THA 
performed with impaction bone grafting (I%*) on both the acetabular and femoral 
sides in one surgery in patients younger than 55 years old.
Methods
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
(4%), I%* was used on both the acetabular and femoral sides in 33 patients. 
Mean patient age at revision surgery was 46.4 years (SD 7.6). No patient was 
lost to followup, but three patients died during followup. None of the deaths were 
related to the revision surgery. The mean followup for the surviving hips was 11.7 
years (SD 4.6). We also analyzed complication rate.
Results
The mean Harris hip score improved from 55 (SD 18) preoperatively to 80 points 
(S' ) at latest followup (p   .9). Six hips underwent a rerevision (8%): in 
four patients, both components were rerevised; and in two hips, only the cup was 
revised. 10-year survival rate with endpoint rerevision of one or both components for 
any reason was 8% (95% confidence interval >CI@, %±95%) and with endpoint 
rerevision of one or both components for aseptic loosening, the survival rate was 
97% (95% CI, 80%–100%). In total six cups were considered radiographically 
loose, of which four were rerevised. Three stems were radiographically loose, of 
which none was rerevised.
Conclusions
I%* is a valuable biological revision techniTue that may restore bone stocN in 
younger patients. Bone stock reconstruction is important, because these patients 
likely will outlive their revision implants. Bone reconstruction with impaction 
grafting may facilitate future revisions.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
ineYitabl\ generate a larger number of reYision Srocedures for this sSecific grouS 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
,mSaction bone grafting ,%* is a biological reconstruction techniTue that can 
restore bone defects.4,5 ,t Zas first described for the acetabulum in  b\ 6looff 
et al6 and subseTuentl\ for the femur in  b\ *ie et al7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
,%* techniTue ma\ be a Yaluable treatment oStion in reYision T+$ in Satients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons Zere e[cluded ,t is our Solic\ to Serform ,%* in combination Zith 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (I%*) is a biological reconstruction techniTue that can 
restore bone defects.4,5 It was first described for the acetabulum in 984 by Slooff 
et al6 and subseTuently, for the femur, in 993, by *ie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
I%* techniTue may be a valuable treatment option in revision TH$ in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform I%* in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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ABSTRACT
Background
The increasing number of total hip arthroplasties (THAs) performed in younger 
Satients Zill ineYitabl\ generate larger numbers of reYision Srocedures for this sSecific 
group of patients. Unfortunately, no satisfying revision method with acceptable 
survivorship 10 years after revision has been described for these patients so far.
Questions/purposes
The purposes of this study were to (1) analyze the clinical outcome; (2) complication 
rate; (3) survivorship; and (4) radiographic outcome of cemented revision THA 
Serformed Zith imSaction bone grafting ,%* on both the acetabular and femoral 
sides in one surgery in patients younger than 55 years old.
Methods
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
 ,%* Zas used on both the acetabular and femoral sides in  Satients 
Mean patient age at revision surgery was 46.4 years (SD 7.6). No patient was 
lost to followup, but three patients died during followup. None of the deaths were 
related to the revision surgery. The mean followup for the surviving hips was 11.7 
years (SD 4.6). We also analyzed complication rate.
Results
The mean Harris hip score improved from 55 (SD 18) preoperatively to 80 points 
6'  at latest folloZuS S    6i[ hiSs underZent a rereYision  in 
four patients, both components were rerevised; and in two hips, only the cup was 
revised. 10-year survival rate with endpoint rerevision of one or both components for 
an\ reason Zas   confidence interYal >&,@ ± and Zith endSoint 
rerevision of one or both components for aseptic loosening, the survival rate was 
97% (95% CI, 80%–100%). In total six cups were considered radiographically 
loose, of which four were rerevised. Three stems were radiographically loose, of 
which none was rerevised.
Conclusions
,%* is a Yaluable biological reYision techniTue that ma\ restore bone stocN in 
younger patients. Bone stock reconstruction is important, because these patients 
likely will outlive their revision implants. Bone reconstruction with impaction 
grafting may facilitate future revisions.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 5  years will 
ineYitabl\ generate a larger number of reYision Srocedures for this sSecific grouS 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disap ointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly cros linked polyethylene and alternate bearings 
ap ears to have reduced the oc urrence of severe osteolysis and bone los , 
managing bone los  represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
,mSaction bone grafting ,%* is a biological reconstruction techniTue that can 
restore bone defects.4,5 ,t Zas first described for the acetabulum in  b\ 6lo ff 
et al6 and subseTuentl\ for the femur in  b\ *ie et al7 Satisfying results 
have be n reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
,%* techniTue ma\ be a Yaluable treatment oStion in reYision T+$ in Satients 
younger than 5  years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 5  
years.
pATIenTS AnD MeThoDS
The study was ap roved by our insti utional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons Zere e[cluded ,t is our Solic\ to Serform ,%* in combination Zith 
cemented components in all revisions with acetabular or femoral bone stock los , 
including in younger patients.
During the period 19 1 to 20 7, 86 complete THA revisions were performed 
at our insti ution in patients younger than 5  years. In 34 of these 86 revisions 
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(40%), IBG was used on both the acetabular and femoral sides in 33 patients. The 
52 other revisions were performed without IBG or with only acetabular or femoral 
IBG.
The mean age of the 19 women and 14 men at the time of the revision surgery 
was 46.4 years (SD 7.6). One woman was operated on both hips. The mean weight 
of the patients at the time of the surgery was 78.4 kg (SD 16.7); mean height 
was 172 cm (SD 10); and the mean body mass index was 26.4 kg/m2 (SD 5.1). 
Eighteen procedures (55%) were performed on the right side.
At the time of our latest review (January 2013), no patient had been excluded 
or was lost to followup. Three patients died during the study - two after 4 years 
and one after 7 years of followup (9%); none of the deaths was related to the 
surgery and data for the three patients were included in our final analyses. The 
mean followup of the surviving hips was 11.7 years (SD 4.7).
The indication for the primary THA was trauma in 13 hips, osteoarthritis (OA) 
after childhood hip diseases in seven hips, primary OA in four hips, OA secondary 
to osteonecrosis in three hips, rheumatoid arthritis in three hips, septic coxitis in 
one hip, coxitis tuberculosa in one hip, and unknown for two hips.
The indication for revision was aseptic loosening of both components in 
19 hips, septic loosening in 14, and, in one, stem malpositioning with aseptic 
loosening of the cup.
In 19 hips this was the first revision procedure, nine hips already were revised 
once or more in our department, and six hips were already revised in another 
hospital. All of these earlier revisions were for aseptic reasons.
It was the first acetabular revision in 22 hips, the second in 10, and the third 
in two. On the femoral side, it was the first revision in 26 hips and the second in 
eight hips.
Twelve of 14 hips with septic loosening were treated with a two-stage procedure; 
all patients were given systemic antibiotics guided by the intraoperative cultures 
for at least 6 weeks before reimplantation. The diagnosis of septic loosening in 
the remaining two hips was based on bacterial cultures taken during a one-stage 
revision for what had been thought to be aseptic loosening. These two patients 
also were treated with systemic antibiotics.
Four surgeons participated in this study; two of the authors (JWMG, BWS) 
performed 20 and 11 reconstructions, respectively.
The surgical technique of IBG has been described in detail before for both the 
acetabular17 and femoral18 sides. In all hips, a posterolateral approach was used. If 
infection was suggested, a two-stage revision was performed.
Segmental acetabular and femoral bone defects were reconstructed using metal 
meshes and wires. In acetabular reconstructions, a medial wall mesh was used in 
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three; in 15, a rim mesh; and in 10, a combination of both. Femoral reinforcement 
with a metal mesh, screws, and cerclage wires was used for the proximal femur 
in seven patients, the distal femur in one, and a combination of both in two 
patients. On the acetabular side, between one and four fresh-frozen femoral head 
allografts were used; and on the femoral side, between one and three. All femoral 
revisions were performed with the X-change® femoral revision system (Stryker-
Howmedica, Newbury, UK). In 30 reconstructions, a normal length, polished, 
tapered ExeterTM component (Stryker-Howmedica) was used, and in four, a longer 
Exeter component (≥ 205 mm) was required. The acetabular components used 
were a Muller® cup (Sulzer, Wintherthur, Switzerland) in 12 hips, an ExeterTM 
RSA cup (Stryker-Howmedica) in eight hips, an Exeter ContemporaryTM flanged 
cup in seven hips, an Exeter ContemporaryTM hooded cup in six hips, and a 
Charnley® Elite plus cup (DePuy, Leeds, UK) in one hip. Average duration of 
the reconstruction surgeries was 4.01 hours (range, 2.32–6.15 hours [ie, incision 
to close time]). The antibiotic-loaded bone cement used in all hips was Surgical 
Simplex® (Stryker-Howmedica) containing erythromycin and colistin.
The postoperative drug regimen included systemic administration of antibiotics 
given after obtaining the cultures (three intravenous doses of 1 g cefazolin) for 1 
day. Indomethacin was used for 7 days to prevent heterotopic ossification. All 
patients received anticoagulation therapy for at least 6 weeks.
The postoperative physiotherapy protocol changed during the years. In general, 
in the first revisions, patients were on bed rest for 6 weeks with passive movement 
of the operated hip starting 24 hours postoperatively. During the next 6 weeks, 
toe-touch weightbearing was allowed, and during the last 6 weeks, patients were 
permitted to load 50% body weight on the affected hip with use of two crutches. As 
a result of increased experience with the IBG technique, the duration of bed rest was 
reduced, and currently, patients start toe-touch weightbearing 1 day after surgery.
All patients were seen at 6 weeks, 3 months, 6 months, and 12 months 
postoperatively and then annually or biannually at our institution. All clinical and 
functional scores were obtained by an independent research assistant.
Clinical evaluation was prospectively performed using the Harris hip score 
(HHS: worst score 0, best score 100),19 the Oxford hip score (OHS: worst score 
0, best score 48),20 and the visual analog scales (VAS)21 for pain at rest and pain 
during physical activity - using a scale from 0 (no pain) to 100 (unbearable pain). 
All patient scores were determined during postoperative followup, and the HHS 
was also determined preoperatively. The scores provided here were from the latest 
followup visit.
A complete set of radiographs was available for 33 (97%) of the 34 hips. 
Bone stock defects were classified based on both preoperative radiographs and 
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform IBG in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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(40), IBG was used on both the acetabular and femoral sides in 33 patients. The 
52 other revisions were performed without IBG or with only acetabular or femoral 
IBG.
The mean age of the 19 women and 14 men at the time of the revision surgery 
was 46.4 years (SD 7.6). One woman was operated on both hips. The mean weight 
of the patients at the time of the surgery was 78.4 kg (SD 16.7); mean height 
was 172 cm (SD 10); and the mean body mass index was 26.4 kg/m2 (SD 5.1). 
Eighteen procedures (55) were performed on the right side.
At the time of our latest review (January 2013), no patient had been excluded 
or was lost to followup. Three patients died during the study - two after 4 years 
and one after 7 years of followup (9%); none of the deaths was related to the 
surgery and data for the three patients were included in our final analyses. The 
mean followup of the surviving hips was 11.7 years (SD 4.7).
The indication for the primary THA was trauma in 13 hips, osteoarthritis (OA) 
after childhood hip diseases in seven hips, primary OA in four hips, OA secondary 
to osteonecrosis in three hips, rheumatoid arthritis in three hips, septic coxitis in 
one hip, coxitis tuberculosa in one hip, and unknown for two hips.
The indication for revision was aseptic loosening of both components in 
19 hips, septic loosening in 14, and, in one, stem malpositioning with aseptic 
loosening of the cup.
In 1 hips this was the first revision procedure, nine hips already were revised 
once or more in our department, and six hips were already revised in another 
hospital. All of these earlier revisions were for aseptic reasons.
It was the first acetabular revision in 22 hips, the second in 10, and the third 
in two. On the femoral side, it was the first revision in 26 hips and the second in 
eight hips.
Twelve of 14 hips with septic loosening were treated with a two-stage procedure; 
all patients were given systemic antibiotics guided by the intraoperative cultures 
for at least 6 weeks before reimplantation. The diagnosis of septic loosening in 
the remaining two hips was based on bacterial cultures taken during a one-stage 
revision for what had been thought to be aseptic loosening. These two patients 
also were treated with systemic antibiotics.
)our surgeons participated in this study two of the authors (-W0G, BWS) 
performed 20 and 11 reconstructions, respectively.
The surgical technique of IBG has been described in detail before for both the 
acetabular17 and femoral18 sides. In all hips, a posterolateral approach was used. If 
infection was suggested, a two-stage revision was performed.
Segmental acetabular and femoral bone defects were reconstructed using metal 
meshes and wires. In acetabular reconstructions, a medial wall mesh was used in 
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three; in 15, a rim mesh; and in 10, a combination of both. Femoral reinforcement 
with a metal mesh, screws, and cerclage wires was used for the proximal femur 
in s ven p t ents, the distal femur in one, and a combination of both in t o 
patien s. On the ac tabular side, between one a d f ur fresh-frozen femoral head 
allografts were used; and on the femoral side, between one and three. ll femoral 
revision w re performed with the X-change® femoral revisio  system (Stryker-
Howmedica, Newbury, UK). In 30 reconstructions, a normal length, polished, 
tapered ExeterTM component (Stryk r-Howmedica) as us d, and in four, a longer 
Exeter c mponent (≥ 205 mm) was required. Th  acetabular compon nts used 
were  Muller® cup (Sulzer, Wintherthur, Switz rland) in 12 hips, an Ex terTM 
RSA cup (Stryk r-Howmedica) in eight hips, an Exeter Co temporaryTM flan d 
cup in seven hips, an Exeter ContemporaryTM hooded cup in six hips,  a 
Char ley® El te plus up (DePuy, Leeds, UK) in one hip. Average duration of 
th  reconstruc ion surgeries was 4.01 hours (range, 2.32–6.15 hours [ie, incision 
to close time]). Th antibiotic-loaded bone cement used in all hips was Surgical 
Simplex® (Stryker-Howmedica) containing erythromy in and col stin.
The postoperativ  drug regimen included systemic administration of antibiotics 
given aft r obtaining the cultures (three intravenous doses of 1 g cefazolin) for 1 
d y. Indomethacin was used for 7 days to prevent heterotopic ossification. All 
patients received anticoagulation therapy for at least 6 we ks.
The postoperativ  physiotherapy protocol changed during the years. In general, 
in the firs  r visions, pati nts were on bed rest for 6 weeks with passive movement 
of the operated hip starting 24 h rs post peratively. During the next 6 weeks, 
toe-touch weight earing was allowed, and during the las  6 weeks, patients were 
permitted to load 50% body weight on the affected hip with use of two crutches. As 
a result of increased experience with the IBG technique, the duration of bed rest was 
reduced, and currently, patients start toe-touch weightbearing 1 day after surgery.
ll patients were seen at 6 weeks, 3 months, 6 months, and 12 months 
postoperatively and then annually or biannually at our institution. All clinical and 
functional scores were obtained by a  indepe dent research assistant.
Clinical evaluation was prospectively performed u ing th  Harris hip score 
(HHS: wors  score 0, best score 100),19 th  Ox ord hip score (OHS: worst sco e 
0, b st score 48),20 and the visual analog scales (VAS)21 for pain at rest and pain 
during physical activity - using a scale from 0 (no pain) to 100 (unbearable pain). 
All patient scor s wer  determined dur ng p stoperative followup, and the HHS 
was also deter ined preoperatively. The scores provided here were from the latest 
followup visit.
A complet  s t f radiographs was available for 33 (97%) of the 34 hips. 
Bone stock defects were cla sified based on both preoperative radiographs and 
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intraoperative findings using the classification as described by Paprosky et al22 for 
the acetabular side and by Della Valle and Paprosky23 for the femoral side (Table I).
All radiographs were scored on a consensus basis by two of the authors (MAJS, 
BWS). Radiolucencies of ≥ 2 mm were scored around the acetabular component 
in the three zones of DeLee and Charnley24 and on the femoral side with use of 
the seven zones described by Gruen et al.25 Migration or tilting of the acetabular 
component was estimated in relation to the line between the teardrops.26 Femoral 
subsidence was determined with the method of Fowler et al.27 When radiolucent 
lines ≥ 2 mm wide were present in all three acetabular or seven femoral zones, 
component migration was ≥ 5 mm, and/or tilting was ≥ 5°, the component was 
considered radiographically loose. Trabecular incorporation was evaluated with 
use of the criteria of Conn et al,28 defined as equal radiodensity of graft and host 
bone with a trabecular pattern throughout.
We performed Kaplan-Meier survivorship analyses, including 95% confidence 
intervals (CIs), for the complete revision THAs (acetabular and femoral 
component) considering any rerevision of one of the components a “failure.” The 
endpoints used were rerevision of one or both components for any reason, for 
aseptic loosening, and reoperation for any reason. Patient survival outcomes for 
all endpoints were also determined separately for both the acetabular and femoral 
Acetabular defects as described by Paprosky et al22
Type Definition Number of hips at 
risk (%)
1 Minimal destruction of the acetabular rim and bone lysis localized to cement 
anchor holes
3 (9)
2A Generalized enlargement of the acetabulum with minimal osteolysis of the dome 
and slight superior and medial migration of the cup
7 (20)
2B Similar to type 2A defects, but more destruction of the dome is present 14 (41)
2C Defects involve destruction of the medial wall with generalized rim enlargement 3 (9)
3A Bone loss patterns involve the superior rim of the acetabulum from the 10 o’clock 
to the 2 o’clock position and often display medial wall deficiency
4 (12)
3B Similar to type 3A defects, but the rim defects span from 9 o’clock to the 5 o’clock 
position
3 (9)
Femoral defects as described by Della Valle and Paprosky23
1 Minimal loss of metaphyseal cancellous bone with an intact diaphysis 8 (23)
2 Extensive loss of metaphyseal bone with an intact diaphysis 17 (50)
3A The metaphysis is damaged severely and nonsupportive; a minimum of 4 cm of 
intact cortical bone is present in the femoral isthmus
6 (18)
3B The metaphysis is severely damaged with some intact cortical bone present distal 
to the isthmus (< 4 cm)
1 (3)
4 Extensive metadiaphyseal damage in conjunction with a widened femoral canal 2 (6)
Table I
Classifications—preoperative bone stock defects.
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components. We used Wilcoxon rank sum test to compare pre- and postoperative 
HHS.
ReSUlTS
Clinical outcomes Scores
The mean HHS had improved from 55 (SD 18) preoperatively to 80 points (SD 
16) at latest followup (p = 0.009). The mean postoperative OHS was 36 (SD 10). 
The mean postoperative VAS score for pain at rest was 12 (SD 21) and for pain 
during exercise 26 (SD 31).
Complications/Reoperations
Intraoperative Complications
Six of 34 (18%) revision procedures were complicated by an intraoperative fracture 
with two (6%) on the acetabular side during the impaction process and four (12%) 
on the femoral side during removal of the removal of the old stem or cement.
Rerevisions, Reoperations, and other postoperative Complications
Nine of 34 hips (26%) underwent one or more reoperations after the index revision 
procedure, including six (18%) rerevision procedures and three (9%) irrigation and 
débridements. Of the nine procedures, four were performed for septic complications 
(12% of all hips), three were performed for aseptic component loosening (9%), 
one for traumatic loosening (3%), and one for recurrent instability (3%). Of the 
five nonseptic procedures, two were complicated by subsequent periprosthetic 
infection. During followup, a rerevision was performed in six patients (18%); in 
four patients, both components were rerevised, and in two patients, only the cup 
was revised (Table II).
Three patients underwent débridement and antibiotic therapy for reinfections 
after index two-stage revision performed for septic loosening. These three 
reconstructions are still in situ and the patients are functioning well, although they 
use suppressive antibiotics.
Two patients experienced dislocations. One patient was treated conservatively 
with success and the other patient was treated with a femoral revision for stem 
malpositioning with recurrent instability.
One patient had a fracture of the greater trochanter after a fall, which could be 
treated conservatively.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform IBG in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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intraoperative findings using the classification as described by Paprosky et al22 for 
the acetabular side and by Della Valle and Paprosky23 for the femoral side (Table I).
All radiographs were scored on a consensus basis by two of the authors (MAJS, 
BWS). Radiolucencies of ≥ 2 mm were scored around the acetabular component 
in the three zones of DeLee and Charnley24 and on the femoral side with use of 
the seven zones described by Gruen et al.25 Migration or tilting of the acetabular 
component was estimated in relation to the line between the teardrops.26 Femoral 
subsidence was determined with the method of Fowler et al.27 When radiolucent 
lines ≥ 2 mm wide were present in all three acetabular or seven femoral zones, 
component migration was ≥ 5 mm, andor tilting was ≥ 5, the component was 
considered radiographically loose. Trabecular incorporation was evaluated with 
use of the criteria of Conn et al,28 defined as equal radiodensity of graft and host 
bone with a trabecular pattern throughout.
We performed Kaplan-0eier survivorship analyses, including 5 confidence 
intervals (CIs), for the complete revision THAs (acetabular and femoral 
component) considering any rerevision of one of the components a “failure.” The 
endpoints used were rerevision of one or both components for any reason, for 
aseptic loosening, and reoperation for any reason. Patient survival outcomes for 
all endpoints were also determined separately for both the acetabular and femoral 
Acetabular defects as described by Paprosky et al22
Type Definition Number of hips at 
risk (%)
1 Minimal destruction of the acetabular rim and bone lysis localized to cement 
anchor holes
3 (9)
2A Generalized enlargement of the acetabulum with minimal osteolysis of the dome 
and slight superior and medial migration of the cup
7 (20)
2B Similar to type 2A defects, but more destruction of the dome is present 14 (41)
2C Defects involve destruction of the medial wall with generalized rim enlargement 3 (9)
3A Bone loss patterns involve the superior rim of the acetabulum from the 10 o’clock 
to the 2 o’clock position and often display medial wall deficiency
4 (12)
3B Similar to type 3A defects, but the rim defects span from 9 o’clock to the 5 o’clock 
position
3 (9)
Femoral defects as described by Della Valle and Paprosky23
1 Minimal loss of metaphyseal cancellous bone with an intact diaphysis 8 (23)
2 Extensive loss of metaphyseal bone with an intact diaphysis 17 (50)
3A The metaphysis is damaged severely and nonsupportive; a minimum of 4 cm of 
intact cortical bone is present in the femoral isthmus
6 (18)
3B The metaphysis is severely damaged with some intact cortical bone present distal 
to the isthmus (< 4 cm)
1 (3)
4 Extensive metadiaphyseal damage in conjunction with a widened femoral canal 2 (6)
Table I
Classifications—preoperative bone stock defects.
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components. We used Wilcoxon rank sum test to compare pre- and postoperative 
HHS.
ReSUlTS
Clinical outcom  Scores
The mean HHS had im roved from 55 (SD 18) preoperatively to 80 points (SD 
16) at atest follow p (p = 0.009). The mean postoperativ  OHS was 36 (SD 10). 
The mean postoperative VAS sc re fo  pain at rest was 12 (SD 21) and for pain 
duri g exercise 26 (SD 31).
Complications/Reoperations
Intrao erative Complications
Six of 34 (18%) revision procedu es were complicated by n intraoperative fracture 
wi h two (6%) on th  acetabular side during the impaction process nd four (12%) 
on th femoral side uring remov l of the removal of the old stem or cement.
Rerevisions, Reoperations, and other p st perati e Complications
Nine of 34 ips (26%) underwent one or more reoperations after the index revision 
procedure, including six (18%) rerevision procedures and three (9%) irrigation and 
déb idements. Of the nine procedures, four were performed for septic complications 
(12% of all hips), three were perform d for aseptic component loosening (9%), 
on  for traumatic loosening (3%), and one for recurrent instability (3%). Of the 
five nonseptic procedures, two were complicated by subsequent periprosthetic 
infection. During followup, a rerevision was performed in six patients (18%); in 
four patients, both components were rerevised, and in two patients, only the cup 
was revised (Table II).
Three patients underwent débridement and antib otic the apy for reinfections 
a ter index two-stage revisio  performed fo  septic loosening. Thes  three 
reconstructions are still in situ and the patients are functioni  well, although they 
use suppressive antibiot cs.
Two pa ients experienc d d slocations. One patient was treated conservatively 
with success and the other patient was treated with a femoral revisio  for stem 
malposi ioning with recurrent instability.
One patient had a frac ure of the greater trochanter after a fall, which could be 
treated conservatively.
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Survivorship
Kaplan-Meier analysis showed that the survival rate of the revision THA with 
rerevision of one or both components for any reason as the endpoint was 87% 
(95% CI, 67%–95%) at 10 years (Fig. 1-A). With rerevision of one or both 
components for aseptic loosening as the endpoint, patient 10-year survival was 
97% (95% CI, 80%–100%; Fig. 1-B) and with reoperation for any reason as the 
endpoint 78% (95% CI, 59%–89%; Fig. 1-C). We also analyzed the survival rate 
for different periods of followup and for the separate acetabular and femoral 
components (Table III).
Radiographic Analysis
Acetabular Side
Radiolucencies were observed around 12 cups (35%). In four cups, radiolucencies 
were seen in all three zones; three of the four cups were rerevised; the fourth 
patient was chronically infected. Four cups had radiolucencies in two zones; one 
of these was rerevised. Five nonrerevised cups had radiolucencies in one zone.
In six hips, migration and/or tilting of the cup was observed; four of these were 
rerevised. The other two cups gradually tilted 5° and 13°, the latter, again, a 
chronically infected patient.
So, in total six cups were considered radiographically loose, of whom four 
were rerevised. In the nonrerevised acetabula, trabecular incorporation could be 
scored in 83 of 84 (99%) zones; one was obscured by a metal mesh. In 70 of 83 
zones (84%), incorporation was seen.
Components rerevised Indication for rerevision Followup 
(years)
4 rerevisions of both 
the acetabular and 
femoral component
1 aseptic loosening
1 septic loosening (conversion to permanent excision arthroplasty)
1 stem rerevision for malpositioning causing recurrent dislocations
     (with later rerevision of both components for septic loosening)
1 cup rerevision for traumatic loosening after fall
     (with later rerevision of both components for septic loosening)
11.7
3.6
1.6
2.9
8.7
9.8
2 cup rerevisions 2 aseptic loosenings 2.6 and 
10.8
Table II
Indications for rerevision in 6 patients.
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femoral Side
Radiolucencies were observed around 11 stems (32%); these were seen in one 
zone in five patients, in two zones in five patients, and in five zones in one patient. 
The mean subsidence of the stem within the cement mantle was 2.6 mm (range, 
0–8.8 mm). Three stems subsided between 5 and 10 mm. In two of these, the 
subsidence was progressive. None of these three stems needed rerevision. In the 
nonrerevised hips, 1 of the total 210 Gruen zones (4) could be scored for 
trabecular incorporation; 12 zones were obscured by metal meshes. Incorporation 
(Fig. 2) was seen in 181 of the 198 zones (91%).
DISCUSSIon
The increasing number of THAs performed in younger patients will inevitably 
generate a larger number of revision procedures in this group of patients. This 
is the first study that describes satisfying results of revision THA performed in 
Rerevision
5 years 10 years 15 years
Survival 
(95% CI)
Number of
patients at 
risk
Survival
(95% CI)
Number of
patients at 
risk
Survival
(95% CI)
Number of
patients at 
risk
Survival complete revision THA (acetabular and femoral component)
Rerevision for any reason
(events = 6)
91%
(75−97)
28 87%
(68−95)
18 75%
(51−89)
5
Rerevision for aseptic loosening 
(events =  3)
97%
(80−100)
28 97%
(80−100)
18 84%
(57−95)
5
Reoperation for any reason 
(events =  9)
82%
(64−92)
25 78%
(59−89)
18 68%
(46−82)
5
Survival acetabular components only
Rerevision for any reason
(events = 6)
91%
(75−97)
28 87%
(68−95)
18 75%
(51−89)
5
Rerevision for aseptic loosening 
(events = 3)
97%
(81−100)
28 97%
(81−100)
18 84%
(57−95)
5
Reoperation for any reason
(events = 9)
82%
(64−92)
25 78%
(59−89)
18 68%
(46−82)
5
Survival femoral components only
Rerevision for any reason
(events = 4)
94%
(78−98)
29 89%
(69−97)
18 83%
(58−94)
6
Rerevision for aseptic loosening 
(events = 1)
100% 29 100% 18 93%
(59−99)
6
Reoperation for any reason
(events =  7)
85%
(68−94)
26 81%
(62−91)
18 75%
(53−88)
6
CI = confidence interval
Table III
Survival for different followup times and endpoints.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform IBG in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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Survivorship
Kaplan-Meier analysis showed that the survival rate of the revision THA with 
rerevision of one or both components for any reason as the endpoint was 87% 
(95% CI, 67%–95%) at 10 years (Fig. 1-A). With rerevision of one or both 
components for aseptic loosening as the endpoint, patient 10-year survival was 
97% (95% CI, 80%–100%; Fig. 1-B) and with reoperation for any reason as the 
endpoint 78% (95% CI, 59%–89%; Fig. 1-C). We also analyzed the survival rate 
for different periods of followup and for the separate acetabular and femoral 
components (Table III).
Radiographic Analysis
Acetabular Side
Radiolucencies were observed around 12 cups (35%). In four cups, radiolucencies 
were seen in all three zones; three of the four cups were rerevised; the fourth 
patient was chronically infected. Four cups had radiolucencies in two zones; one 
of these was rerevised. Five nonrerevised cups had radiolucencies in one zone.
In six hips, migration and/or tilting of the cup was observed; four of these were 
rerevised. The other two cups gradually tilted 5 and 13, the latter, again, a 
chronically infected patient.
So, in total six cups were considered radiographically loose, of whom four 
were rerevised. In the nonrerevised acetabula, trabecular incorporation could be 
scored in 83 of 84 (99%) zones; one was obscured by a metal mesh. In 70 of 83 
zones (84%), incorporation was seen.
Components rerevised Indication for rerevision Followup 
(years)
4 rerevisions of both 
the acetabular and 
femoral component
1 aseptic loosening
1 septic loosening (conversion to permanent excision arthroplasty)
1 stem rerevision for malpositioning causing recurrent dislocations
     (with later rerevision of both components for septic loosening)
1 cup rerevision for traumatic loosening after fall
     (with later rerevision of both components for septic loosening)
11.7
3.6
1.6
2.9
8.7
9.8
2 cup rerevisions 2 aseptic loosenings 2.6 and 
10.8
Table II
Indications for rerevision in 6 patients.
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femoral Side
Radiolucencies were observed around 11 stems (32%); these were seen in one 
zone in five patients, in two zones in five patients, and in five zones in one patient. 
The mean subsidence of the stem within the cement mantle was 2.6 mm (range, 
0–8.8 mm). Three stems subsided between 5 and 10 mm. In two of these, the 
subsidence was progressive. None of these three stems needed rerevision. In the 
nonrerevised hips, 198 of the total 210 Gruen zones (94%) could be scored for 
trabecular incorporation; 12 zones were obscured by metal meshes. Incorporation 
(Fig. 2) was seen in 181 of the 198 zones (91%).
DISCUSSIon
The increasing number of THAs performed in younger patients will inevitably 
generate a larger number of revision procedures in this group of patients. This 
is the first study that describes satisfying results of revision THA performed in 
Rerevision
5 years 10 years 15 years
Survival 
(95% CI)
Number of
patients at 
risk
Survival
(95% CI)
Number of
patients at 
risk
Survival
(95% CI)
Number of
patients at 
risk
Survival complete revision THA (acetabular and femoral component)
Rerevision for any reason
( vents = 6)
91%
(75−97)
28 87%
(68−95)
18 75%
(51−89)
5
Rerevision for aseptic loosening 
(events =  3)
97%
(80−100)
28 97%
(80−100)
18 84%
(57−95)
5
Reoperation for any reason 
(events =  9)
82%
(64−92)
25 78%
(59−89)
18 68%
(46−82)
5
Survival acetabular components only
Rerevision for any reason
(events = 6)
91%
(75−97)
28 87%
(68−95)
18 75%
(51−89)
5
Rerevision for aseptic loosening 
(events = 3)
97%
(81−100)
28 97%
(81−100)
18 84%
(57−95)
5
Reoperation for any reason
(events = 9)
82%
(64−92)
25 78%
(59−89)
18 68%
(46−82)
5
Survival femoral components only
Rerevision for any reason
( vents = 4)
94%
(78−98)
29 89%
(69−97)
18 83%
(58−94)
6
Rerevision for aseptic loosening 
(events = 1)
100% 29 100% 18 93%
(59−99)
6
Reoperation for any reason
(events =  7)
85%
(68−94)
26 81%
(62−91)
18 75%
(53−88)
6
CI = confidence interval
Table III
Survival for different followup times and endpoints.
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figure 1
Kaplan-Meier survival curve shown for complete revision THAs (acetabular and femoral components) 
with A) rerevision of one or both components for any reason; B) rerevision of one or both components for 
aseptic loosening; and C) reoperation of one or both components for any reason as the endpoint.
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patients aged  55 years. This study fills a gap in the revision THA literature, 
because the reported results in younger patients have been disappointing until 
now.1-3 The 10-year survivorship was 97% for rerevision for aseptic loosening and 
87% for rerevision for any reason.
This study has a number of limitations. First, it was impossible to 
radiographically evaluate trabecular incorporation in a number of acetabular 
(1%) and femoral (6%) zones that were treated with extensive reconstruction 
with meshes. However, we did not find a difference in clinical or survivorship 
figure 2
A) preoperative radiograph of a female patient, about to undergo ThA, showing aseptic loosening 
and bone loss of both the acetabulum and proximal femur. The patient had previously undergone total 
cemented revision implantation. The revision components were in situ for 11 years. The patient was 
19 years old when the primary total hip prosthesis was implanted after a coxitis. The primary THA was 
revised after 15 years. B) Radiograph after the index revision surgery with IBG of both the acetabulum and 
the femur. The patient was 45 years old at the time of the revision. Segmental bone defects of the medial 
and lateral acetabular wall were reconstructed with metal meshes and screws. on the femoral side, a 
distal cortical perforation was covered with a metal mesh and cerclage wires, and the dorsal calcar region 
was also reconstructed. C) Radiograph at final followup 19 years after the index revision with IBG. Both 
revision implants are stable with incorporation of the bone grafts, although a small osteolytic area can be 
seen in Gruen Zone 1 of the femur. The patient was 64 years old at last followup and still has an excellent 
functioning hip (HHS 95) 45 years after the first THA.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform IBG in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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figure 1
Kaplan-Meier survival curve shown for complete revision THAs (acetabular and femoral components) 
with A) rerevision of one or both components for any reason; B) rerevision of one or both components for 
aseptic loosening; and C) reoperation of one or both components for any reason as the endpoint.
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patients aged < 55 years. This st dy fills a gap in the revision THA literature, 
because  reported results in younger patients have been disappointing until 
now.1-3 The 10-yea  survivorship was 97% for erevision for aseptic lo sening and 
87% for rer vision for any rea on.
This study has a umber of lim ations. First, it was impo sible to 
radiographically evaluate trabecular incorporation in a number of acetabular 
(1%) and femoral (6%) zones that were treat d with extensive reconstruction 
wi h meshes. H wever, we did not find  differ nce i  clinical or survivor hip 
figure 2
A) preoperative radiograph of a female patient, about to undergo ThA, showing aseptic loosening 
and bone loss of both the acetabulum and proximal femur. The patient had previously undergone total 
cemented revision implantation. The revision components were in situ for 11 years. The patient was 
19 years old when the primary total hip prosthesis was implanted after a coxitis. The primary THA was 
revised after 15 years. B) Radiograph after the index revision surgery with IBG of both the acetabulum and 
the femur. The patient was 45 years old at the time of the revision. Segmental bone defects of the medial 
and lateral acetabular wall were reconstructed with metal meshes and screws. on the femoral side, a 
distal cortical perforation was covered with a metal mesh and cerclage wires, and the dorsal calcar region 
was also reconstructed. C) Radiograph at final followup 19 years after the index revision with IBG. Both 
revision implants are stable with incorporation of the bone grafts, although a small osteolytic area can be 
seen in Gruen Zone 1 of the femur. The patient was 64 years old at last followup and still has an excellent 
functioning hip (HHS 95) 45 years after the first THA.
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outcomes for these cases. Additionally, also the evaluation if a component is 
radiographically loose, sometimes is difficult when using this revision technique. 
Nevertheless, with the criteria we defined for component loosening, we were able 
to assess the loosening of the components adequately. Second, we were missing 
patient preoperative OHS and VAS scores because during the early phase of the 
study, our structured preoperative screening was still in the developing stage. 
Third, our number of patients seems to be relatively small. Nevertheless, the 
clinical outcome of all patients had been reported, resulting in a loss-to-followup 
quotient of zero, which is, according to Murray et al,29 ideal. Also the radiographic 
followup was nearly complete (97%). We chose to study only those patients who 
had complete IBG revision of both the acetabular and femoral sides in one surgery 
because the outcome of only a cup or stem revision will always be influenced 
by the component left in situ at the partial revision. Fourth, in the majority of 
the included revisions, no extensive bone stock defects were present. When we 
had included only patients with Paprosky grades > 3 on both the acetabular and 
femoral sides, the results would probably have been worse than now.
The mean HHS at final followup in our study had improved 25 points. This is 
comparable to the improvement in clinical scores reported by other revision series 
performed in younger patients. Adelani et al2 reported a mean improvement in HHS 
of 19.2 points and Lee et al3 reported an improvement of 36 points in the modified 
HHS (no physical examination is necessary for this modified scoring system).
Regarding the postoperative complications, we reported a postoperative 
periprosthetic fracture in one patient (3%), dislocations in two patients (6%), and 
a reoperation for a deep infection in four patients (12%). Of the studies on the 
revision THAs in young patients, only Lee et al3 specified their postoperative 
complications. They observed 10 periprosthetic fractures (5.5%), 11 dislocations 
(6.1%), and two deep infections (1.1%). An explanation for the high percentage of 
reoperations for infections in our study could be the relatively high percentage of 
index revisions that were performed for septic loosening (14 procedures [41%]). 
Our hospital is a tertiary referral center for the treatment of prosthetic infections 
and complex hip surgery. As a result, in our study group of younger patients, the 
indication for primary THA in only four patients was standard with primary OA. 
Most patients had undergone more than one previous operation on their hip for 
traumatic, congenital, or other complex hip problems before the index revision 
was performed. The mean number of previous operations was 4.3 for the 14 septic 
revisions compared with two for the 20 aseptic revisions. This higher number of 
previous operations certainly can explain the high rate of infectious cases.
In two patients, an acetabular fracture occurred during the impaction process 
(6%). Once recognized, this problem can be solved by fracture fixation using an 
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additional plate or mesh. These fractures have not deteriorated the outcome as was 
shown in our study. One of the patients functioned well but died 4 years after the 
revision; the other patient still has a stable reconstruction 9 years after surgery. 
Unfortunately, none of the previous revision studies in young patients specified 
their intraoperative complications making a comparison impossible.
When we compare the survival outcomes, the multicenter trial published by 
Girard et al1 reported a disappointing 10-year survivorship of 36% for the endpoint 
rerevision for any reason (77 revisions in 55 patients aged < 30 years). In only 21 
revisions both components were exchanged and these patients were extremely 
young. Adelani et al2 performed a case-controlled study of 103 mostly uncemented 
revisions compared with 103 primary THAs. Patients accounting for 43 other 
revisions performed during the study period were lost to followup (29.5%). At 
a mean followup time of 6.7 years, 71 revisions (69%) survived compared with 
102 (99%) primary THAs. However, only in 11 of the 103 included revisions both 
components were revised. Lastly, Lee et al3 published their results of 181, mostly 
uncemented revisions (of which 109 were complete revisions) in 102 patients 
aged 50 years or younger after a mean followup of 11 years. Unfortunately, 27 
patients were lost to followup before the minimum of 2 years (and therefore only 
included in the survival analysis) and the radiographs of 67 patients were lost. 
The 10-year survival for endpoint rerevision for any reason was 63%. The authors 
suggested that bone grafting could be a reasonable option to further improve the 
outcome in this group of younger patients. It seems that the 10-year results of our 
cemented IBG revisions are at least comparable to the results of all these studies.
Radiological interpretation of graft incorporation in IBG remains difficult, 
despite the criteria defined by Conn et al.28 Incorporation can only be proven 
histologically. In a study based on 24 human acetabular biopsies taken between 
1 month and 15 years after reconstruction, revascularization and incorporation 
of the bone graft were generally seen.5 Most cases showed lamellar bone with 
few graft remnants. Also in a human retrieval, Heekin et al4 reported complete 
incorporation of morsellized allograft on the acetabular side. We could score 
radiographic signs of trabecular incorporation in 84% of the acetabular zones 
and 91% of the femoral zones in the surviving hips. In other studies performed 
with bone impaction grafting, Emms et al9 reported union of the graft in 64 of 
the 67 surviving acetabular reconstructions performed with irradiated allografts 
(95.5%) and Wraighte and Howard12 reported radiographic evidence of trabecular 
incorporation in 7 of the Gruen zones that they could evaluate in 75 femoral 
bone impaction grafting revisions. Comparison of our radiographic results with 
the results of other revision series in young patients unfortunately is not possible, 
because in all these three studies, no radiographic results are described.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform IBG in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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outcomes for these cases. Additionally, also the evaluation if a component is 
radiographically loose, sometimes is difficult when using this revision technique. 
1evertheless, with the criteria we defined for component loosening, we were able 
to assess the loosening of the components adequately. Second, we were missing 
patient preoperative OHS and VAS scores because during the early phase of the 
study, our structured preoperative screening was still in the developing stage. 
Third, our number of patients seems to be relatively small. Nevertheless, the 
clinical outcome of all patients had been reported, resulting in a loss-to-followup 
quotient of zero, which is, according to Murray et al,29 ideal. Also the radiographic 
followup was nearly complete (97%). We chose to study only those patients who 
had complete IBG revision of both the acetabular and femoral sides in one surgery 
because the outcome of only a cup or stem revision will always be influenced 
by the component left in situ at the partial revision. Fourth, in the majority of 
the included revisions, no extensive bone stock defects were present. When we 
had included only patients with Paprosky grades > 3 on both the acetabular and 
femoral sides, the results would probably have been worse than now.
The mean HHS at final followup in our study had improved 25 points. This is 
comparable to the improvement in clinical scores reported by other revision series 
performed in younger patients. Adelani et al2 reported a mean improvement in HHS 
of 19.2 points and Lee et al3 reported an improvement of 36 points in the modified 
HHS (no physical examination is necessary for this modified scoring system).
Regarding the postoperative complications, we reported a postoperative 
periprosthetic fracture in one patient (3%), dislocations in two patients (6%), and 
a reoperation for a deep infection in four patients (12%). Of the studies on the 
revision THAs in young patients, only Lee et al3 specified their postoperative 
complications. They observed 10 periprosthetic fractures (5.5%), 11 dislocations 
(6.1%), and two deep infections (1.1%). An explanation for the high percentage of 
reoperations for infections in our study could be the relatively high percentage of 
index revisions that were performed for septic loosening (14 procedures [41]). 
Our hospital is a tertiary referral center for the treatment of prosthetic infections 
and complex hip surgery. As a result, in our study group of younger patients, the 
indication for primary THA in only four patients was standard with primary OA. 
Most patients had undergone more than one previous operation on their hip for 
traumatic, congenital, or other complex hip problems before the index revision 
was performed. The mean number of previous operations was 4.3 for the 14 septic 
revisions compared with two for the 20 aseptic revisions. This higher number of 
previous operations certainly can explain the high rate of infectious cases.
In two patients, an acetabular fracture occurred during the impaction process 
(6). Once recognized, this problem can be solved by fracture fixation using an 
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additional plate or mesh. These fractures have not deteriorated the outcome as was 
shown in our study. One of the patients functioned well but died 4 years after the 
revisio ; the other patient still has a stable reconstruction 9 years after surgery. 
U for unately, non of the previous revision studies in young patients specified 
their intraoperative comp ications making a compari on impossible.
When we compare the sur ival outcomes, the multicenter trial published by 
Girard et al1 reported a disappointing 10-year survivorship of 36% f r the endpoint 
rerevision for any reason (77 revisio s in 55 atients ag d < 30 years). In only 21 
revisions both components were excha g and these patients w e extr mely 
young. Adelani et al2 performed a case-controlled study of 103 mo tly uncem nted 
revisions compared with 103 primary THAs. Patients account ng for 43 other 
revisions performed during the study period were lost to followup (29.5%). At 
a mean followup tim  of 6.7 years, 71 revisions (69%) survived ompared with 
102 (99%) rimary THAs. However, only in 11 of the 103 included revisions both 
components were r vised. Lastly, Lee et al3 published their resul s of 181, mostly 
uncem nted revisions (of hich 109 wer  compl te revisions) in 102 patients 
aged 50 years or younger after a mean followup of 11 years. Unfortunately, 27 
patients were lost to followup before th  minim m of  years (and therefore only 
included in the survival analysis) and the radiographs of 67 patients were lost. 
The 10-year s rviv l for endpoint r revision for any reason was 63%. The authors 
suggest d that bone g afting could be a reasonable option to further improve the 
outcome in this group f younger patients. It seems that the 10-year resul s of our 
cemented IBG revisions are at least c parabl  to th  result  f all these studies.
Radiological interpretation of graft incorporation in IBG remains difficult, 
despite the criteria defined by Conn et al.28 Incorporation can only be proven 
histologically. In a study based on 24 human acetabular biopsies taken between 
1 month and 15 years after reconstruction, revascularization and incorporation 
of the bone graft wer  generally seen.5 Most cases showed lamellar bone with 
few graft remnants. Also in a human retrieval, Heekin et al4 reported complete 
incorporation of morsellized allograft on the ac tabular side. We could score 
radiographic signs of rabecular incorpor tion in 84% of the acetabular zones 
and 91% of the femoral zones in the surviving hips. In other studi s performed 
wit  bone impaction grafting, Emms et al9 reported union of the graft in 64 of 
the 67 surviving acetabular rec struct ons erformed with irradiated allografts 
(95.5%) and Wraighte and Howard12 reported radiog aphic ev dence of trabecular 
incorporation in 87% of the Gruen zones t t they could evaluate in 75 femoral 
bone impaction grafting revisions. Comparison of our radiographic results with 
the res lts of other revision series in young pati nts unfo tunately is not ossible, 
because i  all hese three studies, no radiographic re ults are describ d.
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
156
Chapter 10
1ext to IBG, other treatment modalities could be of use in revision THAs 
in young patients. In case of large acetabular defects jumbo cups30 or modified 
cup shapes31,32 are possible treatment options. Also custom-made implants can 
be promising, although only short-term results have been reported until now.33 
In cases with femoral bone stock loss for example, cementless modular stems34 
can be inserted. However, when using all these techniques, the bone stock loss is 
not replenished and none of these techniques up until now have been reported to 
produce good results in a specific young patient group.
In conclusion, IBG is a valuable biological revision technique that may 
restore bone stock with satisfying long-term results and seems to be an especially 
beneficial option in younger patients because of their longer life expectancy. 
Younger patients will even outlive their revision implants and, hence, face future 
revisions. The amount of bone stock is essential to facilitate future revisions in 
these still relatively young patients.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
allografting on both acetabular and femoral sides in patients under the age of 55 
years.
pATIenTS AnD MeThoDS
The study was approved by our institutional review board. All patients were 
followed up prospectively, and the data were retrospectively analyzed. Only 
patients with a minimum followup of 5 years from one single academic center in 
The Netherlands were included.
Patients undergoing revision of failed primary THA inserted for oncologic 
reasons were excluded. It is our policy to perform IBG in combination with 
cemented components in all revisions with acetabular or femoral bone stock loss, 
including in younger patients.
During the period 1991 to 2007, 86 complete THA revisions were performed 
at our institution in patients younger than 55 years. In 34 of these 86 revisions 
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1ext to IBG, other treatment modalities could be of use in revision THAs 
in young patients. In case of large acetabular defects jumbo cups30 or modified 
cup shapes31,32 are possible treatment options. Also custom-made implants can 
be promising, although only short-term results have been reported until now.33 
In cases with femoral bone stock loss for example, cementless modular stems34 
can be inserted. However, when using all these techniques, the bone stock loss is 
not replenished and none of these techniques up until now have been reported to 
produce good results in a specific young patient group.
In conclusion, IBG is a valuable biological revision technique that may 
restore bone stock with satisfying long-term results and seems to be an especially 
beneficial option in younger patients because of their longer life expectancy. 
Younger patients will even outlive their revision implants and, hence, face future 
revisions. The amount of bone stock is essential to facilitate future revisions in 
these still relatively young patients.
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InTRoDUCTIon
The increasing number of THAs performed in patients younger than 55 years will 
inevitably generate a larger number of revision procedures for this specific group 
of patients. Unfortunately, data on the recent results of revision THA in younger 
patients are limited, and survivorship data from studies of younger patients are not 
encouraging.1-3 The single long-term survival study reports a disappointing outcome 
of 63% at 10 years for patients when the endpoint was rerevision for any reason.3
Although the use of highly crosslinked polyethylene and alternate bearings 
appears to have reduced the occurrence of severe osteolysis and bone loss, 
managing bone loss represents a substantial challenge in revision hip surgery. 
This is particularly true for patients with older designs of hip implants and for 
younger patients, because these patients have a long life expectancy and may 
require repeated revisions.
Impaction bone grafting (IBG) is a biological reconstruction technique that can 
restore bone defects.4,5 It was first described for the acetabulum in 1984 by Slooff 
et al6 and subsequently, for the femur, in 1993, by Gie et al.7 Satisfying results 
have been reported from several centers with up to 25 years of followup on the 
acetabular side8-11 and up to 20 years on the femoral side.12-16 In our opinion, the 
IBG technique may be a valuable treatment option in revision THA in patients 
younger than 55 years.
We therefore chose to analyze the clinical outcome, complication rate, 
survivorship, and radiographic outcome of cemented revisions using impaction 
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ABSTRACT
purpose
It is often a difficult decision whether it is safe to perform revision hip surgery in 
a patient of 80 years and older. Therefore we evaluated the results of cemented 
revisions in these elderly patients.
Methods
Clinical data, radiographs and complications of 49 consecutive cup and/or stem 
revisions in 48 patients were prospectively collected. The average age of the 
patients at surgery was 84 years (range, 80–92). We performed Kaplan-Meier 
(KM) analysis and also a competing risk (CR) analysis because in this series the 
presence of a competing event (i.e. death) prevents the occurrence of endpoint 
rerevision.
Results
Twenty-nine patients (30 hips) died without rerevision during follow-up and 
their data was included. The average follow-up of the 16 surviving patients was 
eight years (range, six to 13). Six reoperations were performed, of which three 
were rerevisions. (ightyear survivorship was 91.  (9  confidence interval 
(CI) 76–97 %) for endpoint rerevision for any reason. With the CR analysis we
calculated that due to the increasing number of competing events, the KM analysis
overestimates the failure rate with 32 % for this endpoint. The average Harris hip
score improved from 49 to 74. Mortality within three months after surgery was 6
%. One postoperative fracture occurred and six hips dislocated.
Conclusion
Cemented revisions can provide satisfying results in patient of 80 years and older 
with acceptable survivorship and complication rates.
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InTRoDUCTIon
When failure of a total hip arthroplasty (THA) occurs in a patient of 80 years 
or older, it is often a difficult decision whether or not it is safe to perform 
revision surgery. Revision total hip arthroplasty in the elderly has been shown 
to have functional outcomes comparable with those in younger patients, but the 
prevalence of complications has been reported to be higher.1-5 However, these 
available studies describe the outcome of revisions performed mainly during the 
1990s or earlier,1,3-5 after an average follow-up of less than five years,2,4,5 and with 
heterogeneous groups of cemented and uncemented components used.1,2,5
    The aim of this study was to report the mid-term clinical and radiographic 
outcome and intra- and postoperative complications of 49 consecutive revision 
procedures all performed with a third generation cementing technique in 48 
patients of 80 years and older.
MATeRIAlS AnD MeThoDS
Forty-nine consecutive cemented revisions in 48 patients of 80 years and older 
were performed in our university medical center with high-end intensive care 
facilities between April 1997 and December 2007. This study was approved by 
our institutional review board and all data were collected prospectively. Patients 
in which revision surgery was performed for oncological reasons were excluded. 
Thirty-four women and 14 men were included with an average age of 84 years 
(range, 80–92). The average body mass index was 26 kg/m² (range, 18–44). In 
24 operations the patient had an American Society of Anesthesiologists (ASA) 
grade two and in 25 operations grade three. The main revision indications were 
aseptic loosening in 27 hips, recurrent dislocation in eight and septic loosening 
in five. Twenty-seven procedures were on the right side. Revision of only the 
stem of a THA was performed in eight hips, of only the cup in 13 and revision of 
both components was performed in 16 hips. Eleven revisions were a conversion 
of a hemiarthroplasty to a THA with exchange of the stem and one resurfacing 
prosthesis was converted to a THA; this hip was included in the study as an 
acetabular revision as the inserted stem was considered a primary component. The 
11 cups that were inserted during the conversion of a hemiarthroplasty were also 
primary components and therefore not analysed. So, in total 30 acetabular and 35 
femoral cemented revision components were analysed in this study (see Fig. 1). 
All individual patient characteristics are presented in Table I.
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InTRoDUCTIon
When failure of a total hip arthroplasty (THA) oc urs in a patient of 80 years 
or older, it is often a difficult decision whether or not it is safe to perform 
revision surgery. Revision total hip arthroplasty in the elderly has be n shown 
to have functional outcomes comparable with those in younger patients, but the 
prevalence of complications has be n reported to be higher.1-5 However, these 
available studies describe the outcome of revisions performed mainly during the 
19 0s or earlier,1,3-5 after an average follow-up of les  than five years,2,4,5 and with 
heterogeneous groups of cemented and uncemented components used.1,2,5
    The aim of this study was to report the mid-term clinical and radiographic 
outcome and intra- and postoperative complications of 49 consecutive revision 
procedures all performed with a third generation cementing technique in 48 
patients of 80 years and older.
MATeRIAlS AnD MeThoDS
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were performed in our university medical center with high-end intensive care 
facil t es betwe n April 19 7 and December 20 7. This study was ap roved by 
our insti utional review board and all data were collected prospectively. Patients 
in which revision surgery was performed for oncological reasons were excluded. 
Thirty-four women and 14 men were included with an average age of 84 years 
(range, 80–92). The average body mas  index was 26 kg/m² (range, 18–4 ). In 
24 operations the patient had an American Society of Anesthesiologists (ASA) 
grade two and in 25 operations grade thre . The main revision indications were 
aseptic lo sening in 27 hips, recurrent dislocation in eight and septic lo sening 
in five. Twenty-seven procedures were on the right side. Revision of only the 
stem of a THA was performed in eight hips, of only the cup in 13 and revision of 
both components was performed in 16 hips. Eleven revisions were a conversion 
of a hemiarthroplasty to a THA with exchange of the stem and one resurfacing 
prosthesis was converted to a THA; this hip was included in the study as an 
acetabular evision as the inserted stem was considered a primary component. The 
1  cups that were inserted during the conversion of a hemiarthroplasty were also 
primary components and therefore not analysed. So, in total 30 acetabular and 35 
femoral cemented revision components were analysed in this study (se  Fig. 1). 
All individual patient characteristics are presented in Table I.
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figure 1
All acetabular and femoral components analysed in this study.
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(reoperation 
/ rerevision)
1 F 80.4 2 Aseptic loosening Acetabular component Y 12.47 Y
2 F 81.5 3 Aseptic loosening Acetabular component N 3.02 Y
3 F 81.3 2 Aseptic loosening Acetabular component Y 9.90 Y
4 F 83.2 3 Aseptic loosening Acetabular component Y 0.67 Y
5 F 87.1 3 Aseptic loosening Acetabular component Y 1.94 Y
6 F 83.9 3 Aseptic loosening Acetabular component Y 2.61 Y
7 F 90.6 2 Recurrent dislocations Acetabular component N 4.94 Y
8 F 85.6 2 Recurrent dislocations Acetabular component N 8.98 N
9 M 80.7 2 Recurrent dislocations Acetabular component N 7.64 N
10 M 82.5 2 Recurrent dislocations Acetabular component N 7.68 N
11 F 80.9 3 Recurrent dislocations Acetabular component N 2.87 N Rerevision
12
M 82.2
2 Fractured, loose acetabular 
component
Acetabular component Y 5.75
Y
Rerevision
13
F 82.3
3 Subluxation + wear acetabular 
component
Acetabular component Y 4.85
Y
Reoperation
14 F 83.0 2 Aseptic loosening Femoral component Y 5.46 N
Table I
Characteristics of the 49 cemented revisions in 48 patients.
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15 M 83.2 3 Aseptic loosening Femoral component N 6.00 Y
16 M 82.2 2 Aseptic loosening Femoral component Y 8.20 N
17 M 85.3 3 Aseptic loosening Femoral component N 0.25 Y
18 F 86.3 2 Aseptic loosening Femoral component Y 3.39 Y
19 F 87.2 3 Recurrent dislocations Femoral component N 8.66 N Reoperation
20 F 82.1 3 Recurrent dislocations Femoral component N 6.83 Y
21 F 84.4 3 Femoral periprosthetic fracture Femoral component N 0.00 Y
22 M 85.0 2 Aseptic loosening Conversion 
hemiarthroplasty to THA
N 9.13 Y
23 F 80.3 2 Septic loosening Conversion 
hemiarthroplasty to THA
Y 11.66 Y
24 M 84.1 3 Aseptic loosening Conversion 
hemiarthroplasty to THA
Y 4.30 Y
25 F 84.7 2 Aseptic loosening Conversion 
hemiarthroplasty to THA
Y 4.80 Y
26 F 83.6 2 Aseptic loosening Conversion 
hemiarthroplasty to THA
Y 6.62 N
27 F 92.8 2 Aseptic loosening Conversion 
hemiarthroplasty to THA
N 6.86 N
28 F 81.6 3 Aseptic loosening Conversion 
hemiarthroplasty to THA
Y 4.81 Y Reoperation
29 F 86.3 3 Protrusio acetabuli Conversion 
hemiarthroplasty to THA
Y 10.80 N
30 F 84.1 2 Subluxation hemiarthroplasty Conversion 
hemiarthroplasty to THA
Y 6.57 Y
31 F 84.1 2 Subluxation hemiarthroplasty Conversion 
hemiarthroplasty to THA
Y 8.55 N
32 F 85.9 3 Protrusio acetabuli Conversion 
hemiarthroplasty to THA
N 0.04 Y
33 F 81.0 3 Septic loosening THA N 8.55 Y
34 M 84.7 2 Septic loosening THA N 6.84 N
35 M 83.0 2 Septic loosening THA N 5.72 N
36 F 83.1 2 Aseptic loosening THA Y 8.91 Y
37 F 81.9 2 Aseptic loosening THA Y 11.70 N
38 M 81.6 3 Aseptic loosening THA Y 5.86 Y
39 F 85.4 3 Aseptic loosening THA Y 6.00 Y
40 M 87.3 2 Aseptic loosening THA Y 7.82 N
41 F 86.2 2 Aseptic loosening THA Y 0.04 Y
42 M 81.1 3 Aseptic loosening THA Y 1.51 Y
43 F 83.0 3 Aseptic loosening THA N 12.66 N
44 M 80.8 3 Aseptic loosening THA Y 7.47 Y
45 F 83.0 3 Aseptic loosening THA Y 5.53 N
46 F 81.8 3 Recurrent dislocations THA Y 0.80 Y Rerevision
47 M 88.0 3 Femoral periprosthetic fracture THA N 4.05 Y
48 F 82.6 2 Aseptic loosening + 
periprosthetic fracture
THA Y 9.66 Y
49 F 85.0 3 Septic loosening Conversion resurfacing 
arthroplasty to THA
Y 4.34 Y
Table I, continued.
F = female; M = male; ASA = American Society of Anesthesiologists; THA = total hip arthroplasty; IBG = 
impaction bone grafting; Y = yes; N = no
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figure 1
All acetabular and femoral components analysed in this study.
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  All operations were performed through the posterolateral approach by 
two of the authors (-W0G, BWS). Both are experienced hip revision 
surgeons. A third generation cementing technique was used in all hips with 
Surgical Simplex (Stryker Howmedica-Osteonics, Newbury, United Kingdom) 
antibiotic-loaded bone cement. Impaction bone grafting (IBG) was used to 
reconstruct bone stock deficiencies in 1 acetabuli and 15 femora. The IBG 
technique has been described in detail before.6,7 The postoperative regimen 
included administration of systemic antibiotics (three intravenous doses of 1 g of 
cefazolin) for one day. All patients received anticoagulation therapy for at least 
six weeks. All five hips with septic loosening were treated with a two-stage 
procedure, with administration of systemic antibiotics appropriate to the 
infecting organism for at least six weeks prior to reimplantation.
Patients were mobilized one or two days after surgery using two crutches and 
full weight-bearing was immediately allowed. This protocol was adapted when IBG 
was performed depending on the type and extent of the defect and reconstruction.
Follow-up protocol
A standard postoperative follow-up protocol was used, with physical and 
radiographic examination after six weeks, three months, six months, one year and 
afterwards on an annual or biennially basis.
Clinical evaluation
Clinical evaluation was performed by an independent research assistant using the 
Harris hip score (HHS: worst score 0, best score 100),8 the Oxford hip score (OHS; 
worst score 0, best score 48)9 and visual analogue scales (VAS).10 VAS scores were 
determined for pain at rest and during physical activity (no pain 0; unbearable 
pain 100) and for satisfaction (not satisfied at all 0 complete satisfaction 100). All 
these scores were determined during the postoperative follow-up, and the HHS 
and OHS were also determined preoperatively.
Radiographic evaluation
The latest preoperative and all postoperative anteroposterior radiographs were 
analysed by three of the authors (0A-TS, SAG, BWS). The preoperative 
radiographs were used to determine femoral and acetabular bone stock loss using, 
respectively, the Endoklinik11 and American Academy of Orthopaedic Surgeons 
(AAOS) classifications.12 The Endoklinik grade was I in 11 hips, II in ten hips, 
III in 12 hips and I9 in two hips. Acetabular bone stock deficiencies AAOS type 
II were present in six hips and type III were present in 18 hips. Acetabular bone 
defects were absent in six hips.
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All postoperative radiographs were assessed for radiolucent lines according to 
DeLee & Charnley13 for the acetabular side and Gruen et al14 for the femoral side. 
When radiolucent lines ≥ 2 mm wide were present in all three acetabular or seven 
femoral zones, component migration was ≥ 5mm and/or tilting was ≥ 5 degrees, 
the component was considered radiographically loose. If bone graft was used, 
trabecular incorporation was evaluated by the criteria described by Conn et al.15
Statistical analysis
We calculated the probability of the endpoints rerevision for any reason, rerevision 
for aseptic loosening and reoperation for any reason in time using the cumulative 
incidence estimator in a competing risk setting.16,17 Accounting for competing risks 
is necessary because for each endpoint specific competing events can occur, which 
prevent the occurrence of the endpoint of interest. For the endpoints reoperation for 
any reason and rerevision for any reason, we considered the death of the patient as 
a competing event, as the probability of undergoing a reoperation or a rerevision 
for any reason becomes 0 when a patient is deceased. For the endpoint rerevision 
for aseptic loosening, we considered both the death of a patient and the re-
revision of the implant for any other reason besides aseptic loosening as competing 
events, as both events prevent the occurrence of rerevision for aseptic loosening 
for that specific implant. In order to allow comparison with the current literature, 
we have also performed a Kaplan-Meier survival analysis and presented the 
results as cumulative incidences of the event of interest (i.e. 1 – survival). 
Additionally, we calculated the amount of bias, which was introduced by the 
Kaplan-Meier survival analysis by ignoring the presence of the competing risks. 
All analyses have been performed using the mstate library18,19 in R.20
ReSUlTS
At final review, all 16 surviving patients were clinically and radiographically 
evaluated after an average follow-up of eight years (range, six to 13). The 
remaining patients died (29 patients with 30 hips) or had a rerevision (three 
patients with three hips) during follow-up; data of these patients were evaluated 
until their latest follow-up. No patients were lost to follow-up.
The average pre-operative HHS was 49 (range, 24–74) and improved to 74 
(range, 34–100) at final review. Preoperative OHS score was 22 (range, 13–29) 
and improved to 34 (range, 19–48). The average postoperative VAS score in 
the rest was 5 (range, 0–55), during activity 4 (range, 0–40) and the average 
VAS score for satisfaction at final review was 76 (range, 15–100).
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InTRoDUCTIon
When failure of a total hip arthroplasty (THA) occurs in a patient of 80 years 
or older, it is often a difficult decision whether or not it is safe to perform 
revision surgery. Revision total hip arthroplasty in the elderly has been shown 
to have functional outcomes comparable with those in younger patients, but the 
prevalence of complications has been reported to be higher.1-5 However, these 
available studies describe the outcome of revisions performed mainly during the 
1990s or earlier,1,3-5 after an average followup of less than five years,2,4,5 and with 
heterogeneous groups of cemented and uncemented components used.1,2,5
    The aim of this study was to report the mid-term clinical and radiographic 
outcome and intra- and postoperative complications of 49 consecutive revision 
procedures all performed with a third generation cementing technique in 48 
patients of 80 years and older.
MATeRIAlS AnD MeThoDS
Forty-nine consecutive cemented revisions in 48 patients of 80 years and older 
were performed in our university medical center with high-end intensive care 
facilities between April 1997 and December 2007. This study was approved by 
our institutional review board and all data were collected prospectively. Patients 
in which revision surgery was performed for oncological reasons were excluded. 
Thirty-four women and 14 men were included with an average age of 84 years 
(range, 80–92). The average body mass index was 26 kg/m² (range, 18–44). In 
24 operations the patient had an American Society of Anesthesiologists (ASA) 
grade two and in 25 operations grade three. The main revision indications were 
aseptic loosening in 27 hips, recurrent dislocation in eight and septic loosening 
in five. Twentyseven procedures were on the right side. 5evision of only the 
stem of a THA was performed in eight hips, of only the cup in 13 and revision of 
both components was performed in 1 hips. (leven revisions were a conversion 
of a hemiarthroplasty to a THA with exchange of the stem and one resurfacing 
prosthesis was converted to a THA; this hip was included in the study as an 
acetabular revision as the inserted stem was considered a primary component. The 
11 cups that were inserted during the conversion of a hemiarthroplasty were also 
primary components and therefore not analysed. So, in total 30 acetabular and 35 
femoral cemented revision components were analysed in this study (see Fig. 1). 
All individual patient characteristics are presented in Table I.
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  All operations were performed through the posterolateral approach by 
two of the authors (JWMG, BWS). Both are experienced hip revision 
surgeons. A third generation cementing technique was used in all hips with 
Surgical Simplex (Stryker Howmedica-Osteonics, Newbury, United Kingdom) 
antibiotic-loaded bone cement. Impaction bone grafting (IBG) was used to 
reconstruct bone stock deficiencies in 19 acetabuli and 15 femora. The IBG 
technique has been described in detail before.6,7 The postoperative regimen 
included administration of systemic antibiotics (three intravenous doses of 1 g of 
cefazolin) for one day. All patients received anticoagulation therapy for at least 
six weeks. All five hips with septic loosening were treated with a two-stage 
procedure, with administration of systemic antibiotics appropriate to the 
infecting organism for at least six weeks prior to reimplantation.
Patients were mobilized one or two days after surgery using two crutches and 
full weight-bearing was immediately allowed. This protocol was adapted when IBG 
was performed depending on the type and extent of the defect and reconstruction.
Follow-up protocol
A standard postoperative follow-up protocol was used, with physical and 
radiographic examination after six weeks, three months, six months, one year and 
afterwards on an annual or biennially basis.
Clinical evaluation
Clinical evaluation was performed by an independent research assistant using the 
Harris hip score (HHS: worst score 0, best score 100),8 the Oxford hip score (OHS; 
worst score 0, best score 48)9 and visual analogue scales (VAS).10 VAS scores were 
determined for pain at rest and during physical activity (no pain 0; unbearable 
pain 100) and for satisfaction (not satisfied at all 0; complete satisfaction 100). All 
these scores were determined during the postoperative follow-up, and the HHS 
and OHS were also determined preoperatively.
Radiographic evaluation
The latest preoperative and all postoperative anteroposterior radiographs were 
analysed by three of the authors (MAJTS, SAG, BWS). The preoperative 
radiographs were used to determine femoral and acetabular bone stock loss using, 
respectively, the Endoklinik11 and American Academy of Orthopaedic Surgeons 
(AAOS) classifications.12 The Endoklinik grade was I in 11 hips, II in ten hips, 
III in 12 hips and IV in two hips. Acetabular bone stock deficiencies AAOS type 
II were present in six hips and type III were present in 18 hips. Acetabular bone 
defects were absent in six hips.
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All postoperative radiographs were assessed for radiolucent lines according to 
DeLee & Charnley13 for the acetabular side and Gruen et al14 for the femoral side. 
When radiolucent lines ≥ 2 mm wide were present in all three cetabular or seven 
femoral zones, c mponent m gra ion was ≥ 5mm and/or til ing wa  ≥ 5 degrees, 
th  component was considered rad ographically loose. If bone graft was u ed, 
trabecular incorporation was evaluated y the cri eria described by Conn et al.15
Stat stical analysi
We calculated the probability of the endpoints rerevision for any reason, rerevision 
for aseptic loosening and reoperatio  for any reason in time using the cumulative 
incidence estimator in a competing risk set ing.16,17 Accounting for competing risks 
is ne essary because for each endpoint specific competing events can occur, which 
prevent the occurrence of the endpoint of interest. For the ndpo ts r operation for 
any r ason and rerevision f r any reason, we considered the death of the patient as 
a competing event, as the probability of undergoing a reoperation or a rerevision 
for any reason becomes 0 when a patient is deceased. For the endpoint rerevision 
for as ptic loosening, we considered both the death of a patient and the re-
revision of the implant for any other reason besides aseptic loosening as competing 
even s, as both events prev nt th  occurrence of rerevision f r aseptic loosening 
for that specific implant. In order to allow comparison with the current literature, 
we have also performed a Kaplan-Mei r survival analysi  and presented the 
res lts as cumulati e incidences of the event of inter st (i.e. 1 – survival). 
Additionally, we calculated the amount of bias, which was introduced by the 
Kaplan-Meier survival analysis by ignor g th  presence of the comp ting risks. 
All analyses have be n p formed using the mstate library18,19 in R.20
ReSUlTS
At final review, all 16 surviving patients were clinically and radiograph cally 
evaluated after an average follow-up of eight years (range, six to 13). The 
remaining pa ients died (29 patients with 30 hips) or had a rerevision (three 
patients with three hips) uring follow-up; data of these patients were evaluated 
until their lat st follow-up. No patien s were lost to follow-up.
The average pre-op rative HHS was 49 ( ange, 24–74) nd improved to 74 
(range, 34–100) at fin l revi w. P oper tive OHS score w s 22 (range, 13–29) 
and improved to 34 (range, 19–48). The av r ge postoperative VAS score in 
the rest was 5 (r nge, 0–55), dur ng activity 4 (ra ge, 0–40) and the average 
VAS score for satisfaction at final review was 76 (range, 15–100).
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Intra-operative complications
Two intra-operative femoral fractures occurred—one during performance of a 
transfemoral Wagner osteotomy for removal of a cemented stem and the other 
during leg rotation when the stability of the reconstruction was tested. Both were 
successfully treated with plate fixation.
postoperative mortality
Three patients (three hips) died within three months after revision. The first 
patient (patient (Pt.) 21 in Table I) had an intraoperative cardiac arrest. She 
was successfully resuscitated, but died despite adequate treatment on the first 
postoperative day. The second patient (Pt. 32) developed myocardial infarction 
intraoperative. Thirteen days postoperative the patient died due to cardiac failure. 
The third patient (Pt. 41) died due to an acute cerebrovascular accident two weeks 
postoperative. Twenty-nine other patients died during follow-up due to reasons 
not related to the revision surgery.
Rerevisions
Three rerevisions were performed. In the first hip (Pt. 11) during the index revision 
a Trident constrained cup was inserted for dislocations. Unfortunately, three years 
postoperative a traumatic cup loosening occurred after a fall. During the rerevision 
a new constrained cup was placed successfully. In the second hip (Pt. 12) another 
IBG cup rerevision was performed six years postoperative for aseptic loosening.
In the third hip (Pt. 46), in which the index revision was performed for 
dislocations, five new dislocations occurred within the first ten postoperative 
months. Therefore the stem was recemented 1.5 cm higher with a cement-in-
cement technique. Unfortunately the dislocations continued to occur till the 
patient died four years later. None of the primary placed components were revised 
during follow-up.
Reoperations
Three other reoperations were performed. In the first hip (Pt. 13) an infection 
was suspected and debridement was performed 20 days postoperative. The 
intraoperative cultures ultimately were negative. The patient functioned well till 
she died five years later. In the second hip (Pt. 1) the dislocations, which were the 
indication for the index femoral revision, continued to occur so it was decided to 
ream the well-fixed polyethylene cup out of the existing cement mantle and place 
a Trident constrained cup with a cement-in-cement technique. This successfully 
prevented further dislocations. In the third hip (Pt. 28) a periprosthetic fracture 
Vancouver type B1 occurred after a fall 17 months postoperative. The fracture was 
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treated with plate fixation and the patient functioned well until she died almost 
five years postoperative.
other postoperative complications
No postoperative joint infections occurred. Six hips dislocated, four were 
successfully treated non-operatively and in two a reoperation was performed as 
mentioned before. One patient had a postoperative myocardial infarction and 
three other patients suffered from cardiac decompensation. All were successfully 
treated. Five patients suffered from a urinary tract infection and two patients 
developed decubitus. One patient had a pneumonia and one developed a delirium.
Radiographic evaluation
In 38 hips the radiographic follow up was complete (78 %), and in 11 hips some 
radiographs during follow-up were missing (22 %). Nevertheless, we could 
include these patients in the analysis.
At final review, a radiolucent line was seen around two cups in DeLee zone 
three. Cranial migration of ≥ 5 mm was observed before rerevision in the two 
failed cups. In the acetabuli reconstructed with IBG, 39 of the 43 zones showed 
trabecular incorporation (91 %).
On the femoral side, radiolucent lines were observed around ten stems. These 
were situated in four hips in one Gruen zone; in three hips in two, in two in 
three and in one hip in five zones. One stem subsided ≥ 5 mm (23 mm) due to 
insufficient pressurizing as a result of a distal intraoperative cortical defect with 
considerable cement leakage. The average subsidence was 2 mm (range, 0–23 
mm). In the femora reconstructed with IBG, 76 of the 87 zones showed trabecular 
incorporation (87 %). See Figure 2 for a radiographic example.
Survival analysis
The KM survivorship at eight years for endpoint rerevision for any reason was 
91.6 % (95 % CI 76–97 %), for rerevision for aseptic loosening 96.2 % (95 % 
CI 76–99 %) and for reoperation for any reason 84.3 % (95 % CI 68–93 %). The 
cumulative KM failure incidences for these endpoints (1–KM) were respectively 
8.38 %, 3.85 % and 15.72 %. In contrast, when we performed the CR analysis, 
the cumulative failure incidences for both endpoints were respectively 6.35 %, 
2.27 % and 12.48 %. This means that the KM analysis overestimates the failure 
rate with 32 % ((8.38–6.35)/6.35) for endpoint rerevision for any reason, with 70 
% ((3.85–2.27)/2.27) for endpoint rerevision for aseptic loosening, and with 26 
% ((15.72–12.48)/12.48) for endpoint reoperation for any reason. Survivorship 
for all endpoints at five and ten years is presented in Table II, the KM curves are 
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InTRoDUCTIon
When failure of a total hip arthroplasty (THA) occurs in a patient of 80 years 
or older, it is often a difficult decision whether or not it is safe to perform 
revision surgery. Revision total hip arthroplasty in the elderly has been shown 
to have functional outcomes comparable with those in younger patients, but the 
prevalence of complications has been reported to be higher.1-5 However, these 
available studies describe the outcome of revisions performed mainly during the 
1990s or earlier,1,3-5 after an average followup of less than five years,2,4,5 and with 
heterogeneous groups of cemented and uncemented components used.1,2,5
    The aim of this study was to report the mid-term clinical and radiographic 
outcome and intra- and postoperative complications of 49 consecutive revision 
procedures all performed with a third generation cementing technique in 48 
patients of 80 years and older.
MATeRIAlS AnD MeThoDS
Forty-nine consecutive cemented revisions in 48 patients of 80 years and older 
were performed in our university medical center with high-end intensive care 
facilities between April 1997 and December 2007. This study was approved by 
our institutional review board and all data were collected prospectively. Patients 
in which revision surgery was performed for oncological reasons were excluded. 
Thirty-four women and 14 men were included with an average age of 84 years 
(range, 80–92). The average body mass index was 26 kg/m² (range, 18–44). In 
24 operations the patient had an American Society of Anesthesiologists (ASA) 
grade two and in 25 operations grade three. The main revision indications were 
aseptic loosening in 27 hips, recurrent dislocation in eight and septic loosening 
in five. Twentyseven procedures were on the right side. 5evision of only the 
stem of a THA was performed in eight hips, of only the cup in 13 and revision of 
both components was performed in 1 hips. (leven revisions were a conversion 
of a hemiarthroplasty to a THA with exchange of the stem and one resurfacing 
prosthesis was converted to a THA; this hip was included in the study as an 
acetabular revision as the inserted stem was considered a primary component. The 
11 cups that were inserted during the conversion of a hemiarthroplasty were also 
primary components and therefore not analysed. So, in total 30 acetabular and 35 
femoral cemented revision components were analysed in this study (see Fig. 1). 
All individual patient characteristics are presented in Table I.
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Intra-operative complications
Two intra-operative femoral fractures occurred—one during performance of a 
transfemoral Wagner osteotomy for removal of a cemented stem and the other 
during leg rotation when the stability of the reconstruction was tested. Both were 
successfully treated with plate fixation.
postoperative mortality
Three patients (three hips) died within three months after revision. The first 
patient (patient (Pt.) 21 in Table I) had an intraoperative cardiac arrest. She 
was successfully resuscitated, but died despite adequate treatment on the first 
postoperative day. The second patient (Pt. 32) developed myocardial infarction 
intraoperative. Thirteen days postoperative the patient died due to cardiac failure. 
The third patient (Pt. 41) died due to an acute cerebrovascular accident two weeks 
postoperative. Twenty-nine other patients died during follow-up due to reasons 
not related to the revision surgery.
Rerevisions
Three rerevisions were performed. In the first hip (Pt. 11) during the index revision 
a Trident constrained cup was inserted for dislocations. Unfortunately, three years 
postoperative a traumatic cup loosening occurred after a fall. During the rerevision 
a new constrained cup was placed successfully. In the second hip (Pt. 12) another 
IBG cup rerevision was performed six years postoperative for aseptic loosening.
In the third hip (Pt. 46), in which the index revision was performed for 
dislocations, five new dislocations occurred within the first ten postoperative 
months. Therefore the stem was recemented 1.5 cm higher with a cement-in-
cement technique. Unfortunately the dislocations continued to occur till the 
patient died four years later. None of the primary placed components were revised 
during follow-up.
Reoperations
Three other reoperations were performed. In the first hip (Pt. 13) an infection 
was suspected and debridement was performed 20 days postoperative. The 
intraoperative cultures ultimately were negative. The patient functioned well till 
she died five years later. In the second hip (Pt. 19) the dislocations, which were the 
indication for the index femoral revision, continued to occur so it was decided to 
ream the well-fixed polyethylene cup out of the existing cement mantle and place 
a Trident constrained cup with a cement-in-cement technique. This successfully 
prevented further dislocations. In the third hip (Pt. 28) a periprosthetic fracture 
Vancouver type B1 occurred after a fall 17 months postoperative. The fracture was 
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treated with plate fixation and the patient functioned well until she died almost 
five years postoperative.
other postoperative complications
No postope ative joint infections occur ed. Six hips dislocated, four were 
successfully treated non- peratively and in two a reoperation was performed as 
mentioned before. One patient had a postoperative myocardial infarction and 
three oth r patients suffered from cardiac decompe ation. All were successfully 
treated. Five patients suffered f om a urinary tract infection and two p tients 
developed decubitus. One patient had a pneumonia and one developed a delirium.
Radi graphic evaluation
In 38 hips the radiographic follow up was complete (78 %), and in 11 h ps some 
radiographs during follow-up were missing (22 %). Nevertheless, we could 
include these patients in the analysis.
At final review, a radiolucent line was seen around two cups in DeLee zone 
three. Cranial migration of ≥ 5 mm was observed before rerevision in the two 
failed cups. In the acetabuli reconstructed with IBG, 39 of the 43 zones showed 
trabecular in rporation (91 %).
On the emoral side, adiolucent lin s were obs ved around ten stems. These 
were situated in four h ps in one Gruen zone; in three hips in two, in two in 
three and in e hip n five zones. One stem subsided ≥ 5 mm (23 mm) due to 
insufficient pressurizin  as a result of a distal intra perative cortical defect with 
considerable cement leakage. The average subsidence was 2 mm (range, 0–23 
mm). In the femora r constructed with IBG, 76 of the 87 zones showed trabecular 
incorporation (87 %). S e Figure 2 for a adiographic exampl .
Surviva  analysis
The KM survivor hip at eight years fo  endpoint rerevision for any reason was 
91.6 % (95 % CI 76–97 %), for rerevision for aseptic loosen g 96.2 % (95 % 
CI 76–99 %) and for reoperation for any reason 84.3 % (95 % CI 68–93 %). The 
cumulative KM failure incidences for th se endpoints (1–KM) were r sp ctively 
8.38 %, 3.85 % and 15.72 %. In contrast, w en e performed the CR analysis, 
the cumulative failure incidences for both endpo nts were espectively 6.35 %, 
2.27 % and 12.48 %. This means that the KM analysis overes imates the failure 
rate with 32 % ((8.38–6.35)/6.35) for endpoint rerevision for any reason, with 70 
% ((3.85–2.27)/2.27) for e dp int rerevision for septic loosening, and with 26 
% ((15.72–12.48)/12.48) for endpoint op ration for ny reason. Survivorship 
for all endpoints at five and ten years is presented in Table II, the KM curves are 
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shown in Figure 3 and overestimation of failure by KM analysis compared to CR 
analysis is shown in Figure 4.
DISCUSSIon
This study shows that the results of revision total hip arthroplasties performed 
with a third-generation cementing technique are satisfying in patients of 80 years 
figure 2
Radiographs of a revision in which meshes and impaction bone grafting were used. The patient was 
87 years old at time of surgery. A) preoperative anteroposterior radiograph of an uncemented total 
hip arthroplasty with aseptic loosening and extensive bone loss of the acetabulum and femur. B) 
Anteroposterior radiograph two months after the revision total hip arthroplasty. First, the extensive 
acetabular defects were reconstructed with a medial and superolateral rim mesh to create contained 
defects. After that, acetabular impaction bone grafting was performed with three morselized allograft 
femoral heads. Because the patient already lost three liters of blood at the time of the surgery and was 
88 years old, it was decided to cement the new femoral component without performing impaction bone 
grafting to replenish the bone stock loss in the femoral cavity. C) Anteroposterior radiograph after eight 
years follow-up. The patient is 95 years old. Both the acetabular and femoral component are totally stable, 
and on the acetabular side complete incorporation of the graft took place.
Fig. 2-A Fig. 2-B Fig. 2-C
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and older. The five-year Kaplan–0eier survivorship for endpoint rerevision for 
any reason was 95.2 % (95 % CI 82–99 %) and the ten-year survivorship was 
91.6 % (95 % CI 76–97 %). Parvizi et al3 showed comparable outcomes for 170 
uncemented revisions in a rewarding case-control study with a one year survival 
rate of 5  and a five-year survival rate of 2 .
When compared to other studies our rerevision percentage of 6 % is acceptable. 
Strehle et al5 reported a percentage of 5.6 % at an average follow-up of 4.0 years 
and Parvizi3 7.6 % at an average follow-up of 6.8 years. All these rerevision rates 
are low compared to the 13.5 % in the control group of patients younger than 70 
years presented in the case-control study by Parvizi et al.3 An explanation for 
this could be that younger patients have higher activity levels and therefore use 
their revision prosthesis more intensively, which could lead to earlier failure. In 
addition to this, older patients have a shorter life expectancy, so it is plausible 
that death occurs earlier than prosthesis failure. The three months postoperative 
mortality in our study group was 6 %, which is comparable to the 4.8 % found in 
the study of Lübbeke et al2 and the 5.7 % reported by Strehle et al5, while Parvizi3 
reported a three-month mortality of 2.9 %.
The most common postoperative complication in our study was dislocation, 
which occurred in six hips (12 %). Previous studies have shown before that 
dislocations occur more often at high ages.2,4,5 However, the study by Parvizi et 
al3 showed less postoperative dislocations in the 170 revisions in octogenerians 
compared to their younger control group (2.4% versus 9.4 %). They stated that this 
could be due to the more frequent use of constrained liners in their elderly group. 
Also, Lübbeke et al2 observed a downward trend in the dislocation rate throughout 
the years their study was conducted, and they also concluded that this might be 
related to the introduction of a double-mobility cup in their institution (20.3 % 
in the first part of the study versus 0  in the second part). In our institution 
5 years 
Survival 
 &I
no. 8 years 
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InTRoDUCTIon
When failure of a total hip arthroplasty (THA) occurs in a patient of 80 years 
or older, it is often a difficult decision whether or not it is safe to perform 
revision surgery. Revision total hip arthroplasty in the elderly has been shown 
to have functional outcomes comparable with those in younger patients, but the 
prevalence of complications has been reported to be higher.1-5 However, these 
available studies describe the outcome of revisions performed mainly during the 
1990s or earlier,1,3-5 after an average followup of less than five years,2,4,5 and with 
heterogeneous groups of cemented and uncemented components used.1,2,5
    The aim of this study was to report the mid-term clinical and radiographic 
outcome and intra- and postoperative complications of 49 consecutive revision 
procedures all performed with a third generation cementing technique in 48 
patients of 80 years and older.
MATeRIAlS AnD MeThoDS
Forty-nine consecutive cemented revisions in 48 patients of 80 years and older 
were performed in our university medical center with high-end intensive care 
facilities between April 1997 and December 2007. This study was approved by 
our institutional review board and all data were collected prospectively. Patients 
in which revision surgery was performed for oncological reasons were excluded. 
Thirty-four women and 14 men were included with an average age of 84 years 
(range, 80–92). The average body mass index was 26 kg/m² (range, 18–44). In 
24 operations the patient had an American Society of Anesthesiologists (ASA) 
grade two and in 25 operations grade three. The main revision indications were 
aseptic loosening in 27 hips, recurrent dislocation in eight and septic loosening 
in five. Twentyseven procedures were on the right side. 5evision of only the 
stem of a THA was performed in eight hips, of only the cup in 13 and revision of 
both components was performed in 1 hips. (leven revisions were a conversion 
of a hemiarthroplasty to a THA with exchange of the stem and one resurfacing 
prosthesis was converted to a THA; this hip was included in the study as an 
acetabular revision as the inserted stem was considered a primary component. The 
11 cups that were inserted during the conversion of a hemiarthroplasty were also 
primary components and therefore not analysed. So, in total 30 acetabular and 35 
femoral cemented revision components were analysed in this study (see Fig. 1). 
All individual patient characteristics are presented in Table I.
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shown in Figure 3 and overestimation of failure by KM analysis compared to CR 
analysis is shown in Figure 4.
DISCUSSIon
This study shows that the results of revision total hip arthroplasties performed 
with a third-generation cementing technique are satisfying in patients of 80 years 
figure 2
Radiographs of a revision in which meshes and impaction bone grafting were used. The patient was 
87 years old at time of surgery. A) preoperative anteroposterior radiograph of an uncemented total 
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acetabular defects were reconstructed with a medial and superolateral rim mesh to create contained 
defects. After that, acetabular impaction bone grafting was performed with three morselized allograft 
femoral heads. Because the patient already lost three liters of blood at the time of the surgery and was 
88 years old, it was decided to cement the new femoral component without performing impaction bone 
grafting to replenish the bone stock loss in the femoral cavity. C) Anteroposterior radiograph after eight 
\ears IolloZ-Xp 7Ke patient is  \ears olG %otK tKe acetaEXlar anG Iemoral component are totall\ staEle 
and on the acetabular side complete incorporation of the graft took place.
)iJ -$ )iJ -% )iJ -&
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and older. The five-year Kaplan–Meier survivorship for endpoint rerevision for 
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and Parvizi3 7.6 % at an average follow-up of 6.8 years. All these rerevision rates 
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the study of Lübbeke et al2 and the 5.7 % reported by Strehle et al5, while Parvizi3 
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5 years 
Survival 
(95% CI)
no. 8 years 
Survival
(95% CI)
no. 10 years 
Survival
(95% CI)
no.
Rerevision for any reason
(failures = 3)
95.3% 
(82%-99%)
30 91.6%
(76%-97%)
13 91.6%
(76%-97%)
5
Rerevision for aseptic loosening
(failures = 1)
100% 30 96.2% 
(76%-99%)
13 96.2%
(76%-99%)
5
Reoperation any reason 
(failures = 6)
90.8%
(77%-96%)
30 84.3%
(68%-93%)
12 84.3%
(68%-93%)
5
*CI = confidence interval, and no. = number of patients at risk
Table II
Probability of survival for different periods of follow-up and endpoints.
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figure 3
Kaplan-Meier survival curves showing the probability of revision component survival for endpoints A) 
rerevision for any reason, B) rerevision for aseptic loosening and C) reoperation for any reason. The 95 
% confidence intervals are included.
Fig. 3-A
Fig. 3-B
Fig. 3-C
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)iJ. B
)iJ. C
figure 4
Comparison of the cumulative incidence for endpoint A) rerevision surgery for any reason, B) rerevision 
Ior aseptic looseninJ and C reoperation Ior an\ reason calculated Zith both the KaplanMeier estimator 
and the competing risks method. The discrepancy between the lines represents the bias, which is 
introduced b\ erroneous usaJe oI the KaplanMeier anal\sis.
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Fig. -C
figure 4
Comparison of the cumulative incidence for endpoint A) rerevision surgery for any reason, B) rerevision 
for aseptic loosening and C) reoperation for any reason calculated with both the Kaplan-Meier estimator 
and the competing risks method. The discrepancy between the lines represents the bias, which is 
introduced by erroneous usage of the Kaplan-Meier analysis.
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we started to insert constrained liners for recurrent dislocating hips in 2004. In 
this present study six constrained liners were placed, all successfully treating the 
recurrent dislocations.
Pain relief is the main reason in the elderly patients to perform revision of a 
failed hip arthroplasty.4 The average postoperative VAS pain scores in our study 
group were 5 in rest and 4 during activity on a scale of 0 to 100. Despite the fact 
that we did not have any preoperative VAS scores to compare with, we think it is 
reasonable to conclude that revision surgery in our study was effective in relieving 
pain in these elderly patients.
Although the number of patients in our group is not extensive, we think our 
data are significant. :e present a homogenous group of cemented revisions after 
a mean follow-up of eight years, all our data were collected prospectively and no 
patients were lost to follow-up.
A limitation of this study is that due to the very high average age of the patients 
at time of the revision a large number of patients (65 %) was deceased at last 
review. However, all data of these patients was reviewed until the time of their 
death and included in this study. We also did not provide a younger control group 
of cemented revisions.
The Kaplan-Meier analysis is a valid method to estimate component survival 
when no competing events have occurred. However, it is better to use competing 
risk analysis whenever competing risks are present, because the use of the KM 
estimator then will introduce bias.16,17 The resulting bias is greater when the 
“competition” is heavier, i.e. when the hazard of the competing events is larger. In 
this study, we showed that because of the high number of competing events, the 
KM analysis overestimates the failure rate with 32 % for endpoint rerevision for 
any reason and with 26 % for endpoint reoperation for any reason. For endpoint 
rerevision for aseptic loosening the overestimation is 70 % because there are more 
competing events (i.e. the rerevisions for other reasons than aseptic failure).
In conclusion, this study shows that cemented total hip arthroplasty can 
provide satisfying results in patients of 80 years and older with acceptable 
survival outcomes and complication rates. Nevertheless, revision surgery in this 
elderly group can be very complex and the patients are in general very fragile. 
Therefore each patient deserves extensive consideration of all options including 
non-surgical treatment and, when surgery is necessary, an individual surgical 
treatment strategy.
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InTRoDUCTIon
When failure of a total hip arthroplasty (THA) occurs in a patient of 80 years 
or older, it is often a difficult decision whether or not it is safe to perform 
revision surgery. Revision total hip arthroplasty in the elderly has been shown 
to have functional outcomes comparable with those in younger patients, but the 
prevalence of complications has been reported to be higher.1-5 However, these 
available studies describe the outcome of revisions performed mainly during the 
1990s or earlier,1,3-5 after an average followup of less than five years,2,4,5 and with 
heterogeneous groups of cemented and uncemented components used.1,2,5
    The aim of this study was to report the mid-term clinical and radiographic 
outcome and intra- and postoperative complications of 49 consecutive revision 
procedures all performed with a third generation cementing technique in 48 
patients of 80 years and older.
MATeRIAlS AnD MeThoDS
Forty-nine consecutive cemented revisions in 48 patients of 80 years and older 
were performed in our university medical center with high-end intensive care 
facilities between April 1997 and December 2007. This study was approved by 
our institutional review board and all data were collected prospectively. Patients 
in which revision surgery was performed for oncological reasons were excluded. 
Thirty-four women and 14 men were included with an average age of 84 years 
(range, 80–92). The average body mass index was 26 kg/m² (range, 18–44). In 
24 operations the patient had an American Society of Anesthesiologists (ASA) 
grade two and in 25 operations grade three. The main revision indications were 
aseptic loosening in 27 hips, recurrent dislocation in eight and septic loosening 
in five. Twentyseven procedures were on the right side. 5evision of only the 
stem of a THA was performed in eight hips, of only the cup in 13 and revision of 
both components was performed in 1 hips. (leven revisions were a conversion 
of a hemiarthroplasty to a THA with exchange of the stem and one resurfacing 
prosthesis was converted to a THA; this hip was included in the study as an 
acetabular revision as the inserted stem was considered a primary component. The 
11 cups that were inserted during the conversion of a hemiarthroplasty were also 
primary components and therefore not analysed. So, in total 30 acetabular and 35 
femoral cemented revision components were analysed in this study (see Fig. 1). 
All individual patient characteristics are presented in Table I.
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The Kaplan-Meier analysis is a valid method to estimate component survival 
when no competing events have occurred. However, it is better to use competing 
risk analysis whenever competing risks are present, because the use of the KM 
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any reason and with 26 % for endpoint reoperation for any reason. For endpoint 
rerevision for aseptic loosening the overestimation is 70 % because there are more 
competing events (i.e. the rerevisions for other reasons than aseptic failure).
In conclusion, this study shows that cemented total hip arthroplasty can 
provide satisfying results in patients of 80 years and older with acceptable 
survival outcomes and complication rates. Nevertheless, revision surgery in this 
elderly group can be very complex and the patients are in general very fragile. 
Therefore each patient deserves extensive consideration of all options including 
non-surgical treatment and, when surgery is necessary, an individual surgical 
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SUMMARY
The aim of this thesis was to evaluate the mid- to long-term results of several 
different treatment modalities in cemented femoral and acetabular revision total 
hip arthroplasties, with a special focus on the bone impaction grafting technique. 
In this view, seven research goals were formulated and these will be summarized 
and discussed in the current chapter.
1. Report the clinical and radiographic results of patients who underwent a
femoral or acetabular revision procedure with bone impaction grafting to
evaluate the long-term survival of this biological reconstruction technique.
Chapter 2 describes the results of  first 33 consecutive femoral bone impaction 
grafting revisions performed in the Radboudumc. These revisions were all 
performed between March 1991 and February 1996. All revisions were 
performed with the X-change femoral revision system,1 fresh-fro]en morsellised 
allograft and a cemented polished (xeter stem. This study was an update of a 
previous2 report now presenting the results of this technique after 15 to 20 years. 
1 stem was re-revised for mechanical reasons during a cup re-revision. 
Probability of survival at seventeen years with a femoral re-revision for any reason 
as endpoint was 9 (9 confidence interval (&I) 99) and with rerevision for 
aseptic loosening as endpoint 100% (95% CI 69-100). 3 early femoral fractures 
occurred after this surgery, all could be treated with plate fixation.
After this first study, we extended our study population with all subsequent 
consecutive femoral bone impaction grafting revisions performed until December 
2007. The results of this larger patient group of 208 femoral revisions are 
presented in Chapter 3. Also in all patients of this study the X-change system, 
fresh-frozen morsellised allograft and a cemented polished (xeter stem was used. 
All patients were followed prospectively. 1 patient was lost to follow-up after 6 
years, data of this patient were included until this point. After a mean follow-up of 
11 years (range 5-21) a femoral re-operation for any reason was performed in 33 
hips (16%). In 13 of these re-operations the femoral component was re-revised 
(6%). Kaplan-Meier analysis with femoral re-revision for any reason as the 
endpoint was 95% (95% CI 90-97) at 10 years, with femoral re-revision for 
aseptic loosening as the endpoint 99% (95% CI 96-100), with femoral re-
operation for any reason as the endpoint 8 (9 &I 889) and with 
subsidence of  mm 8 (9 &I 80-92). There were no additional radiographic failures.
The conclusion of the two studies presented in Chapters 2 and 3 is that femoral
total hip arthroplasty revisions performed with use of bone impaction grafting and 
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stock deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the 
results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
48 patients (52 hips) had died or had been re-revised at final review. None of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
Especially for a revision technique with a proven long term follow-up, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re-
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stocN deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the 
results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
48 patients ( hips) had died or had been rerevised at final review. 1one of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
(specially for a revision technique with a proven long term followup, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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SUMMARY
The aim of this thesis was to evaluate the mid- to long-term results of several 
different treatment modalities in cemented femoral and acetabular revision total 
hip arthroplasties, with a special focus on the bone impaction grafting technique. 
In this view, seven research goals were formulated and these will be summarized 
and discussed in the current chapter.
1. Report the clinical and radiographic results of patients who underwent a
femoral or acetabular revision procedure with bone impaction grafting to
evaluate the long-term survival of this biological reconstruction technique.
Chapter 2 describes the results of  first 33 consecutive femoral bone impaction 
grafting revisions performed in the Radboudumc. These revisions were all 
performed between March 1991 and February 1996. All revisions were 
performed with the X-change femoral revision system,1 fresh-frozen morsellised 
allograft and a cemented polished Exeter stem. This study was an update of a 
previous2 report now presenting the results of this technique after 15 to 20 years. 
1 stem was re-revised for mechanical reasons during a cup re-revision. 
Probability of survival at seventeen years with a femoral re-revision for any reason 
as endpoint was 6 (5 confidence interval (CI) 72-) and with re-revision for 
aseptic loosening as endpoint 100% (95% CI 69-100). 3 early femoral fractures 
occurred after this surgery, all could be treated with plate fixation.
After this first study, we extended our study population with all subsequent 
consecutive femoral bone impaction grafting revisions performed until December 
2007. The results of this larger patient group of 208 femoral revisions are 
presented in Chapter 3. Also in all patients of this study the X-change system, 
fresh-frozen morsellised allograft and a cemented polished Exeter stem was used. 
All patients were followed prospectively. 1 patient was lost to follow-up after 6 
years, data of this patient were included until this point. After a mean follow-up of 
11 years (range 5-21) a femoral re-operation for any reason was performed in 33 
hips (16%). In 13 of these re-operations the femoral component was re-revised 
(6%). Kaplan-Meier analysis with femoral re-revision for any reason as the 
endpoint was 95% (95% CI 90-97) at 10 years, with femoral re-revision for 
aseptic loosening as the endpoint 99% (95% CI 96-100), with femoral re-
operation for any reason as the endpoint 5 (5 CI 7-) and with 
subsidence of ≥5 mm 7 (5 CI 80-92). There were no additional radiographic failures.
The conclusion of the two studies presented in Chapters 2 and 3 is that femoral
total hip arthroplasty revisions performed with use of bone impaction grafting and 
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SUMMARY
The aim of this thesis was to evaluat the mid- to long-term results of several 
different treatment modalities in cement d femoral nd cet bular revisi n total 
hip arthroplasties, with a special focus on the bone impaction grafting technique. 
In this view, sev n research goals were formulate and these will be summarized 
and di cussed in the current chapter.
1. Report the linical an  radiographic re ults of pa ients who und rwent a
femoral or cetabular revision procedure with bone impaction grafting to
evaluat  the long-term survival of this biological recons ruction technique.
Chapter 2 describes the results of  first 33 consecutive femoral bone impaction 
grafting revi ions performed in the Radboudumc. These revi ions were all 
performed between March 991 and February 1996. All revi ions were 
performed with the X-change femoral revision system,1 fresh-frozen mor llised 
allograft and a cemented polished Exeter stem. This study was an update of a 
previous2 eport now presenting the results of this technique after 15 to 20 years. 
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Probability of survival at sev te n years with a femoral re-revisi n for any reason 
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fresh-frozen mor llised allograft nd a cemented polished Exet r stem was used. 
All patients were followed rospectively. 1 patient wa  l st to follow-up after 6 
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endpoint was 95% (95% CI 90-97) at 10 years, with femo al re-revision for 
aseptic loosening as the endpoint 99% (95% CI 96-100), with femo al re-
operation for any reason as the endpoint 5 (5 CI 7-) and with 
subsid nce of ≥5 mm 7 (5 CI 80-92). There were no additional radiographic failures.
The conclusion of the two studies presented in Chapters 2 and 3 is that femoral
total hip arthroplasty revi ions performed with use f bone impaction grafti g and 
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stock deficiencies that ne d to be reconstructed.
Next o the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present he 
results of 62 consecutive acetabular evisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this eries the presence of a large number 
of competing events (i.e. death) prevents the oc urrence of endpoint re-revision. 
48 patients (52 hips) had died or had be n re-revised at final review. None of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-9 ). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
lo sening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this tudy is that acetabular bone impaction grafting 
revisions provide ac eptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probabil ty of revision surgery severely due to ignoring competing risks. 
Especially for a revision technique with a proven long term follow-up, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. As es  whether due to replenishing the bone stock los , even suc es ive
acetabular econstructions using bone impaction grafting and a cemented
cup are pos ible.
Chapter 8 showed that for evision of ailed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with ac eptable 
results at over 25 years. Claims have be n made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facil tating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re-
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 1  consecutive re-revisions in 
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10 patients with again acetabular bone impaction grafting and a cemented cup was 
analyzed. These 11 hips were all failed acetabular revisions of the cohort of 62 
acetabular revisions with bone impaction grafting whom were followed up for 25 
to 30 years after surgery as described in Chapter 8.
The mean follow-up after re-revision was 10 years (range 5-15) and 28 years 
(range 26-30) from the primary revision. Kaplan-Meier survivorship for the cup 
with re-re-revision for any reason as endpoint was 91% at 10 years (95% CI 51-
99). (xcluding 1 rererevision for cup malpositioning 3 weeNs postoperative, 
survivorship for aseptic loosening at 10 years was 100% (95% CI 37-100).
This study shows that, due to replenishing the bone stock, even successive 
acetabular reconstructions using impacted morsellised bone chips and a cemented 
cup are possible with satisfying clinical results and low re-re-revision rates. The 
outcomes of acetabular re-revisions with bone impaction grafting and a cemented 
cup are even comparable with results of acetabular revisions performed with the 
same technique, as reported in Chapter 8.
3. Assess pre- and intraoperative risk factors for endpoint re-revision for 
any reason after femoral bone impaction grafting revisions using Cox 
regression analysis.
Despite technical improvements, like the use of specially designed instrumented 
femoral revision systems and longer stems to bypass weak cortical areas, failure of 
the reconstruction still can occur after a femoral bone impaction grafting revision 
is performed. Therefore the aim of Chapter 4 was to determine predictors for the 
endpoint re-revision for any reason after femoral revisions with bone impaction 
grafting.
We used prospectively collected data of all patients who underwent a femoral 
revision with bone impaction grafting in our department from 1991 to 2007. The 
clinical and radiographic results of this group are already described in Chapter 3. 
202 patients underwent 208 consecutive femoral revisions with bone impaction 
grafting and a cemented stem. The mean follow-up was 11 (range 5-21) years. 1 
patient was lost to follow-up after 6 years (0.5%). Univariable and multivariable 
Cox regression analysis were performed to identify potential factors associated 
with re-revision. 
The cumulative incidence for re-revision for any reason was 6.3% (13/208). 
After univariable selection, sex, age, body mass index (BMI), American Association 
of Anesthesiologists (ASA) classification, type of removed femoral component, and 
mesh used for reconstruction were included in the multivariable regression analysis.
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In the multivariable analysis, B0I was the only factor that was significantly 
associated with risk of re-revision (B0I ≥30 v B0I 30, HR   6.54 (5 CI 1. 
– 22.65) p 0.003). Besides B0I also other nonsignificantly associated factors, 
such Endoklinik score and the type of removed femoral component, can provide 
guidance in the process of preclinical decision making.
With this knowledge, the preoperative patient selection, informed consent and 
treatment protocols can be better adjusted to the individual patient who need to 
undergo a femoral revision with bone impaction grafting.  
4. Report the incidence of postoperative periprosthetic fractures and the 
survival of long cemented polished femoral components used in revisions 
in highly defected femora.
In Chapter 5 the incidence of postoperative periprosthetic fractures and the 
survival of cemented long stem Exeter polished components with a minimum 
length of 205 mm in revisions with extensive femoral bone defects was presented. 
The study population comprised 37 consecutive patients and the mean follow-up 
was  years (range 5-16). 26 patients (70) had a preoperative Endo-Klinik score 
of 3 or 4. Bone impaction grafting was used in 24 patients (65). At final review, 22 
patients (59%) were still alive. 14 patients died during follow-up, 3 of whom died 
shortly after the operation; all data of these 14 patients were included till the date 
of their death. 1 reconstruction failed after 4 years and 5 months due to recurrent 
dislocations: the implant was extracted and the hip was converted to a permanent 
excision arthroplasty. Intraoperative fractures or fissures were encountered in  
patients (24%), however none occurred during the impaction phase. Postoperative 
periprosthetic fractures occurred in 2 patients (5%); both were treated with plate 
fixation. Survival with endpoint re-revision for any reason was 6 (5 CI 76-
100), re-revision for aseptic loosening 100% (95% CI 74-100), and re-operation 
for any reason 81% (95% CI 56-92) after 9 years follow-up. 
The conclusion of Chapter 5 is that the survival of long cemented polished 
femoral implants is satisfying in a fragile population with extensive femoral 
defects. A revision with a normal length femoral component in this study group, 
the maMority of whom had insufficient preoperative bone stock, would probably 
have resulted in a higher number of postoperative fractures.
5. Report the clinical and radiographic results of ‘cement only’ femoral 
revisions performed in revision cases with limited bone stock loss and 
femoral cement-in-cement revisions performed in case of an intact 
femoral cement mantle.
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stocN deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the 
results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
48 patients ( hips) had died or had been rerevised at final review. 1one of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
(specially for a revision technique with a proven long term followup, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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10 patients with again acetabular bone impaction grafting and a cemented cup was 
analyzed. These 11 hips were all failed acetabular revisions of the cohort of 62 
acetabular revisions with bone impaction grafting whom were followed up for 25 
to 30 years after surgery as described in Chapter 8.
The mean follow-up after re-revision was 10 years (range 5-15) and 28 years 
(range 26-30) from the primary revision. Kaplan-Meier survivorship for the cup 
with re-re-revision for any reason as endpoint was 91% at 10 years (95% CI 51-
). Excluding 1 re-re-revision for cup malpositioning 3 weeks postoperative, 
survivorship for aseptic loosening at 10 years was 100% (95% CI 37-100).
This study shows that, due to replenishing the bone stock, even successive 
acetabular reconstructions using impacted morsellised bone chips and a cemented 
cup are possible with satisfying clinical results and low re-re-revision rates. The 
outcomes of acetabular re-revisions with bone impaction grafting and a cemented 
cup are even comparable with results of acetabular revisions performed with the 
same technique, as reported in Chapter 8.
3. Assess pre- and intraoperative risk factors for endpoint re-revision for 
any reason after femoral bone impaction grafting revisions using Cox 
regression analysis.
Despite technical improvements, like the use of specially designed instrumented 
femoral revision systems and longer stems to bypass weak cortical areas, failure of 
the reconstruction still can occur after a femoral bone impaction grafting revision 
is performed. Therefore the aim of Chapter 4 was to determine predictors for the 
endpoint re-revision for any reason after femoral revisions with bone impaction 
grafting.
We used prospectively collected data of all patients who underwent a femoral 
revision with bone impaction grafting in our department from 1991 to 2007. The 
clinical and radiographic results of this group are already described in Chapter 3. 
202 patients underwent 208 consecutive femoral revisions with bone impaction 
grafting and a cemented stem. The mean follow-up was 11 (range 5-21) years. 1 
patient was lost to follow-up after 6 years (0.5%). Univariable and multivariable 
Cox regression analysis were performed to identify potential factors associated 
with re-revision. 
The cumulative incidence for re-revision for any reason was 6.3% (13/208). 
After univariable selection, sex, age, body mass index (BMI), American Association 
of Anesthesiologists (ASA) classification, type of removed femoral component, and 
mesh used for reconstruction were included in the multivariable regression analysis.
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In the multivariable analy is, BMI was the only factor that w s sign ficantly 
associated with risk of r -revision (BMI ≥30 v BMI <30, HR = 6.54 (95% CI 1.89 
– 22.65); p=0.003). Besides BMI also other nonsignificantly associated factors, 
such Endoklinik score nd the type of removed femoral compo ent, can provide 
guidance in the process of preclinical decision making.
Wi h this kn wl dge, the preoperative patient selection, nformed consent and 
treatment protocols can be better adjusted to the individual patient who need to 
under o a femora  revision ith bone impaction grafting.  
4. Report the incide ce of postop rative periprosth tic fractures and the 
survival of long cemented polish d femoral components used in revis ons 
in highly defected femora.
In Chapter 5 the i cidence of postoperati e periprosthetic f actur s and he 
sur val o  cemented long tem Exeter polished components with a minimum 
length of 205 mm in revisions with extensiv femoral bone defe ts was presented. 
The study pop lation compris d 37 consecutive patients and the mean follow-up 
was 9 years (range 5-16). 26 patients (70%) ad a preoperative Endo-Klinik score 
of 3 or 4. Bone impaction grafting was used in 24 patients (65%). At final review, 22 
patients (59%) were still alive. 14 patients died during follow-up, 3 of whom died 
shor ly after the op ration; ll data of these 14 patients were i cluded till the d t  
of thei  de th. 1 reconstruction failed after 4 years and 5 m nths due to recur ent 
dislocations: the implant was extracted and the hip was converted t  a perm n t 
excision arthroplasty. Intr operative fractures or fissures were encountered in 9 
p tient  (24%), however none occur ed during the impaction phase. Postoperative 
periprosthetic fractures occurred in 2 patients (5%); both were treated with plate 
fixation. Survival with endp int re-revis on for any r as n was 96% (95% CI 76-
100), re-revision for aseptic loosening 100% (95% CI 74-100), and re-operation 
for any re son 81% (95% CI 56-92) after 9 years follow-up. 
The conclusion of Chapter 5 is that the survival of long cemented polished 
femoral implants is s tisfying in a frag  population with ex ensive femoral 
defects. A revisio  with a nor al l ngth femoral component in this study group, 
th  majority of whom had insufficient pr oper tive bone stock, would p obably 
h ve resulted in a higher number of postoperat ve fractures.
5. Report the clinical and ra iogr phic esults of ‘cement only’ femo al 
revisions perform in revision cases with limited bo e stock loss a d 
femoral ceme t-in-cement revisions perfo med in case of an intact 
femoral c ment man le.
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Very little has been published on the outcome of femoral cemented revisions using 
a third-generation cementing technique. Therefore the purpose of Chapter 6 was 
to analyze the clinical outcome, survivorship, complication rate and radiographic 
outcome of all 92 consecutive ‘cement only’ femoral revisions performed with a 
third generation cementing technique in our department between January 1996 and 
December 2007. The average age of the patients at revision was 66 (range 25-92) 
years. No patients were lost to follow-up. At review in December 2013, 55 patients 
(60%) were alive and did not had a re-revision of the femoral component after a mean 
follow-up of 11 years (range 5-17). The mean preoperative Harris Hip Score was 
 and improved to 3 at final followup.  patients died shortly after the revision 
surgery. 1 stem was re-revised for aseptic loosening; this was also the only case with 
radiolucent lines in all  Gruen ]ones. A femoral reoperation was performed in 19 
hips during follow-up, and in 14 of these 19 re-operations the femoral component 
was re-revised. Survivorship at 10 years, with femoral re-revision for any reason 
as the endpoint was 86% (95% CI 77-92). However, excluding 8 patients with re-
infections after septic index revision and 1 with hematogenous spread of infection 
form the survival analysis, the adjusted survival for re-revision for any reason at 10 
years was 92% (95% CI 83-96). With re-revision for aseptic loosening as endpoint, 
the survival at 10 years was 99% (95% CI 90-100).
The conclusion of Chapter 6 is that femoral component revisions with a third 
generation cemented stem results in acceptable survival after mid-term follow-up. 
We recommend the use of this technique in femoral revisions with limited bone 
stock loss.
In case the femoral cement bone mantle is well fixed, and for example an offset 
problem needs to be addressed, femoral cement-in-cement revisions are an 
attractive treatment option. However, most available cemented stems are too 
long to fit in the existing cement mantle. In Chapter 7, we evaluated the 
mediumterm outcomes of the 1 mm short tapered polished stem ((xeter Short 
Revision Stem (SRS); Stryker-Howmedica, Newbury, United Kingdom) with a 
44 mm offset specifically designed to facilitate cementincement revisions of hip 
arthroplasties. The (xeter S5S was clinically and radiographically evaluated in 24 
consecutive femoral cement-in-cement revisions (11 men, 13 women) between July 
2005 and February 2008 after a mean follow-up of 6 years (range 5-7). No hip 
was lost to follow-up, but 2 patients (two hips) died. None of the deaths were 
related to the surgery. 4 femoral components (17%) were removed for septic 
loosening after a mean of 2.4 years (range 1-5). 3 of these hips were revised again in 
a two-stage revision, and 1 was converted to a permanent excision arthroplasty. The 
probability of survival with re-revision for any reason was 82% (95% CI 58-93) 
and survivorship with aseptic loosening as the endpoint was 100% at 6 years.
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There were no additional radiological failures.
The conclusion of Chapter 7 is that the Exeter Short Revision Stem is a valuable 
option for simplifying cement-in-cement revisions. Despite the short stem length, 
at mid-term there were no signs of instability or aseptic loosening.
6. Report the clinical and radiographic results of cemented revisions of
both the femoral and acetabular component with use of bone impaction
grafting in patients younger than 55 years.
The increasing number of total hip replacements in younger patients will inevitably 
generate larger numbers of revision procedures in this specific young patient 
group. Unfortunately, no satisfying revision method with acceptable results at 
10 years after revision has been described for these patients so far. The aim of 
Chapter 10 was to evaluate the clinical and radiographic outcomes of cemented 
revision total hip arthroplasties performed with bone impaction grafting on both 
the acetabular and femoral side in patients younger than 55 years old. 
Between 1991 and 2007, 34 cemented total hip revisions were performed with 
both acetabular and femoral bone impaction grafting in 33 consecutive patients 
who all were younger than 55 years (average age 46 years). No patient was lost to 
follow-up, but 3 patients died during follow-up. None of the deaths were related 
to the surgery, and their data were included.
The average follow-up duration for the surviving hips was 12 years (range 
5-21). 6 hips required a re-revision of one or both components (18%): in 4 patients
both components were re-revised, and in 2 hips only the acetabular component.
The survival rate at 10 years with endpoint re-revision for any reason of one or
both components was 87% (95% CI 67-95), with endpoint re-revision for aseptic
loosening of one or both components was 97% (95% CI 80-100), and with re-
operation for any reason 78% (95% CI 59-89).
The conclusion of Chapter 10 is that the survival of revision total hip 
arthroplasties performed with bone impaction grafting on both acetabular and 
femoral side is acceptable at 10 years after surgery in patients younger than 55 
years. Bone impaction grafting is an attractive reconstructive technique that 
restores the bone stock loss in these young patients which at revision still have 
a long life expectancy and will outlive their revision implants in many cases and 
hence will face future revisions.
7. To evaluate the survival and peri- and postoperative complications of
total hip arthroplasty revisions in patients 80 years or older at time of the
revision.
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stocN deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the 
results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
48 patients ( hips) had died or had been rerevised at final review. 1one of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
(specially for a revision technique with a proven long term followup, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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Very little has been published on the outcome of femoral cemented revisions using 
a third-generation cementing technique. Therefore the purpose of Chapter 6 was 
to analyze the clinical outcome, survivorship, complication rate and radiographic 
outcome of all 92 consecutive ‘cement only’ femoral revisions performed with a 
third generation cementing technique in our department between January 1996 and 
December 2007. The average age of the patients at revision was 66 (range 25-92) 
years. No patients were lost to follow-up. At review in December 2013, 55 patients 
(60%) were alive and did not had a re-revision of the femoral component after a mean 
follow-up of 11 years (range 5-17). The mean preoperative Harris Hip Score was 
50 and improved to 73 at final follow-up. 2 patients died shortly after the revision 
surgery. 1 stem was re-revised for aseptic loosening; this was also the only case with 
radiolucent lines in all 7 Gruen zones. A femoral re-operation was performed in 1 
hips during follow-up, and in 14 of these 19 re-operations the femoral component 
was re-revised. Survivorship at 10 years, with femoral re-revision for any reason 
as the endpoint was 86% (95% CI 77-92). However, excluding 8 patients with re-
infections after septic index revision and 1 with hematogenous spread of infection 
form the survival analysis, the adjusted survival for re-revision for any reason at 10 
years was 92% (95% CI 83-96). With re-revision for aseptic loosening as endpoint, 
the survival at 10 years was 99% (95% CI 90-100).
The conclusion of Chapter 6 is that femoral component revisions with a third 
generation cemented stem results in acceptable survival after mid-term follow-up. 
We recommend the use of this technique in femoral revisions with limited bone 
stock loss.
In case the femoral cement bone mantle is well fixed, and for example an offset 
problem needs to be addressed, femoral cement-in-cement revisions are an 
attractive treatment option. However, most available cemented stems are too 
long to fit in the existing cement mantle. In Chapter 7, we evaluated the 
medium-term outcomes of the 125 mm short tapered polished stem (Exeter Short 
Revision Stem (SRS); Stryker-Howmedica, Newbury, United Kingdom) with a 
44 mm offset specifically designed to facilitate cement-in-cement revisions of hip 
arthroplasties. The Exeter SRS was clinically and radiographically evaluated in 24 
consecutive femoral cement-in-cement revisions (11 men, 13 women) between July 
2005 and February 2008 after a mean follow-up of 6 years (range 5-7). No hip 
was lost to follow-up, but 2 patients (two hips) died. None of the deaths were 
related to the surgery. 4 femoral components (17%) were removed for septic 
loosening after a mean of 2.4 years (range 1-5). 3 of these hips were revised again in 
a two-stage revision, and 1 was converted to a permanent excision arthroplasty. The 
probability of survival with re-revision for any reason was 82% (95% CI 58-93) 
and survivorship with aseptic loosening as the endpoint was 100% at 6 years.
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follow-up, but 3 patients died during follow-up. None of th  deaths were related 
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The average f llow-up duration for the surviving hips was 12 years (range 
5-21). 6 hips requi d a re-revision of one or both components (18%): in 4 patients
both components were e-revised, and in 2 hips only the acetabular component.
The survival rate at 10 years with endpoint re-revision for any reason of one or
both components was 87% (95% CI 67-95), with endpoint re-revision for aseptic
loosening of on  or both compon t  was 97% (95% CI 80-100), a d with re-
operation for any reason 78% (95% CI 59-89).
The conclusion of Chapter 10 is that the survival of revision total hip 
arthroplasties performed with bone impaction grafting on both acetabular and 
femoral side is accept ble at 10 years after surgery in p tients younger han 55 
years. B e impaction grafting is an attractive reconstructiv  techniqu  hat 
restore the bone stock loss in these young patients which at revisi  still have 
a long life expecta cy and will outlive th ir revision implants in many cases and 
hence will face futu e revisions.
7. To evaluate the survival and peri- and post p rative complications of
total hip arthroplasty revisions in p tients 80 y ars r older at time of the
revision.
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When failure of a total hip arthroplasty occurs in patients of 80 years and older, 
it is a difficult decision whether it is safe to perform revision surgery because 
the complications rate has been reported to be high.8-12 Therefore in Chapter 11 
we present the survival outcome and peri- and postoperative complications of 
cemented revisions in patients of 80 years and older at time of surgery.
Clinical data, radiographs and complications of all 49 consecutive cemented 
revision procedures of the acetabular and/or femoral component in 48 patients 
between April 1997 and December 2007 were prospectively collected. The 
average age of the patients was 84 years (range 80-92). Kaplan Meier survival 
analysis was performed.
32 patients (67%) died or had a re-revision during follow-up, their data was 
included until latest followup. At final review, the average followup of the 1 
living patients with their revision in situ was 8 years (range 6-13). In 6 hips a 
re-operation was performed (12%), and in 3 of these re-operations one of the 
components was re-revised (6%). Probability of survival at 8 years follow-up was 
92% (95% CI 76-97) for endpoint re-revision for any reason and 96% (95% CI 77-
100) for endpoint re-revision for aseptic loosening. The average Harris Hip Score 
improved from 49 preoperative to 4 at final review. 0ortality within 3 months 
after the revision surgery was 6%. There were no intraoperative deaths. In 2 hips 
(4%) a femoral fracture occurred during surgery and in 1 (2%) a postoperative 
fracture. In 6 cases the hip dislocated (12%).
The conclusion of Chapter 11 is that revision total hip arthroplasty can provide 
satisfying results in patients of 80 years and older with acceptable survival 
outcome and complication rates. Nevertheless, revision surgery in this elderly 
patient category can be very complex and each patient deserves an individual 
treatment strategy.
185
12
General discussion
GeneRAl DISCUSSIon
This thesis shows that satisfying mid- to long-term results can be achieved in both 
femoral and acetabular revision surgery using several different cemented treatment 
modalities. The survival outcomes of all studies were acceptable with in general 
survival of above 90% for the endpoint re-revision for any reason when the 10 years 
survival point was reached. Also the clinical scores in all studies improved during 
follow-up and the radiographic appearance of the reconstructions was good. In 
general, when grafts were used incorporation was observed on both acetabular and 
femoral side. However, radiographic evaluation of these grafts remains difficult. 
Nevertheless, in none of the studies worrying radiographic features were observed, 
like for example extensive early loosening, osteolysis or stress shielding. The 
femoral subsidence was more in the revisions performed with bone impaction 
grafting compared to the revisions without bone impaction grafting (2.8 mm versus 
1.5 mm), but this not seems to effect the clinical outcome. The 10-years survival for 
endpoint femoral re-revision for aseptic loosening was 99% for both the femoral 
bone impaction grafting revisions and the femoral ‘cement only’ revisions.
In the Cox regression analysis of the femoral bone impaction grafting revisions 
we found that obese patients had a significant higher risk for a re-revision for any 
reason compared with non obese patients. This can probably be explained by the 
fact that a higher BMI results in chronically higher biomechanical loads on the 
reconstruction. Lübbeke et al13 and Pulos et al14 also showed that obese patients 
who had undergone a revision total hip arthroplasty had a significant higher risk 
for a postoperative infection, which was the primary reason for re-revision in our 
study population.
We think it is important to inform the patient about this higher risk in the 
preoperative phase, and it should be even considered to first treat the overweight 
before hip replacement surgery is performed.
The studies in this thesis show that there are several treatment variations 
possible when a cemented revision technique is used, on both femoral and 
acetabular side. When there is an intact cement mantle and a revision needs to be 
performed for, for example, stability problems (like a change of femoral offset 
or anteversion), a cement-in-cement revision is a reasonable choice. When there 
are signs of radiographic and intraoperative loosening of the existing cement 
mantle, or when an uncemented component is removed and there is almost no 
bone stock loss, a ‘cement only’ revision without additional bone grafting results 
in acceptable results. And when in a revision bone stock deficiencies need to be 
encountered bone impaction grafting almost always is a suitable technique with 
excellent long term results on both femoral and acetabular side. We have shown 
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stocN deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the 
results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
48 patients ( hips) had died or had been rerevised at final review. 1one of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
(specially for a revision technique with a proven long term followup, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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When failure of a total hip arthroplasty occurs in patients of 80 years and older, 
it is a difficult decision whether it is safe to perform revision surgery because 
the complications rate has been reported to be high.8-12 Therefore in Chapter 11 
we present the survival outcome and peri- and postoperative complications of 
cemented revisions in patients of 80 years and older at time of surgery.
Clinical data, radiographs and complications of all 49 consecutive cemented 
revision procedures of the acetabular and/or femoral component in 48 patients 
between April 1997 and December 2007 were prospectively collected. The 
average age of the patients was 84 years (range 80-92). Kaplan Meier survival 
analysis was performed.
32 patients (67%) died or had a re-revision during follow-up, their data was 
included until latest follow-up. At final review, the average follow-up of the 16 
living patients with their revision in situ was 8 years (range 6-13). In 6 hips a 
re-operation was performed (12%), and in 3 of these re-operations one of the 
components was re-revised (6%). Probability of survival at 8 years follow-up was 
92% (95% CI 76-97) for endpoint re-revision for any reason and 96% (95% CI 77-
100) for endpoint re-revision for aseptic loosening. The average Harris Hip Score 
improved from 4 preoperative to 74 at final review. 0ortality within 3 months 
after the revision surgery was 6%. There were no intraoperative deaths. In 2 hips 
(4%) a femoral fracture occurred during surgery and in 1 (2%) a postoperative 
fracture. In 6 cases the hip dislocated (12%).
The conclusion of Chapter 11 is that revision total hip arthroplasty can provide 
satisfying results in patients of 80 years and older with acceptable survival 
outcome and complication rates. Nevertheless, revision surgery in this elderly 
patient category can be very complex and each patient deserves an individual 
treatment strategy.
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1.5 mm), but this not seems to effect the clinical outcome. The 10-years survival for 
endpoi t femoral re-revision for asept c loosening w s 99% for both the femoral 
bone impaction grafting revisions and the femoral ‘cement only’ revisions.
In the Cox r gression analysis of the femoral bone impaction grafting revision  
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reason com ared with non obese patients. This can probably be explained by th  
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that, by replenishing the bone stock, even re-revisions are possible with acceptable 
long term results using bone impaction grafting and a cemented component. In 
our opinion this is the great advantage of the biological way of thinking by using 
bone impaction grafting in revision surgery, compared to other – non-biological – 
revision methods. However, we are aware of the fact the non-biological revision 
methods also can have certain advantages compared to bone impaction grafting 
revisions, like a shorter operative time and the possibility to fully bear weight with 
the revised joint directly postoperative. 
Nevertheless, we think that especially in young patients it is of great value 
to replenish the bone stock, because these patients will probably outlive even 
their revision total hip arthroplasty and therefore will need to undergo more future 
revisions. In patients at a higher age or with a weak general health condition also 
cemented revisions without bone grafting can provide acceptable results. 
In summary, every patient who needs to undergo revision surgery of one or 
more of the components needs an individual treatment strategy. When using a 
cemented revision technique, almost all cases can be treated succesfully. However, 
what remains largely unclear is the outcome of revisions with extensive bone 
stock loss on both the femoral and acetabular side. In our cohort with 208 femoral 
bone impaction grafting revision we could not detect any significant differences 
between the Endoklinik grades regarding the survival. In the literature it is 
suggested that the results of bone impaction grafting on both sides are worse when 
the bone stock defects are greater.6,15 We agree with this suggestion, and think that 
there certainly are cases in which bone impaction grafting in combination with a 
cemented component is not the best treatment option. 
We think that there are some important factors which need to be addressed  when 
performing a revision with bone impaction grafting in these patients with extensive 
bone defects. First, when performing the bone impaction grafting technique, there 
is a considerable learning curve. We recommend that before performing difficult 
revisions, experience with the procedure is gained in relatively easier revisions 
with less extensive bone stock defects. Furthermore compliance of the patient 
to the postoperative regime is essential in these extensive revisions. In our 
opinion a period of non-weight-bearing, with sometimes even some weeks of 
bed rest, is essential for the bone graft to incorporate, especially in larger 
defects.16
In conclusion, this thesis shows that satisfying mid- to long-term results can 
be achieved in revision surgery using cemented components, with and 
without the use of bone impaction grafting. We think that, even in these times of 
growing use of uncemented components in primary and revision total hip 
arthroplasty,17 cementing is an essential technique in the armamentarium of a 
present-day hip replacement surgeon.
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Recommendations for further research
RECOMMENDATIONS FOR FURTHER RESEARCH 
During the period that the research for the thesis was conducted, of course 
some new questions have arisen. Future research is needed to give answers to 
these questions. By doing so hopefully the results of cemented total hip 
revisions will further improve. Some suggestions for new research subjects are:
≥ Can the long term results of femoral and acetabular revisions in patients 
with extensive bone stock loss be further improved with the use of new 
techniques like for example custom-made 3d printed implants or trabecular 
metal augments?
≥ What are the clinical and radiographic results when acetabular revisions 
with the bone impaction grafting technique are combined with acetabular 
components with other mechanical properties like for example double mobility 
cups?
≥ Could additional imaging techniques (like for example computed 
tomography) be helpful in the postoperative evaluation of the incorporation of 
the impacted morselized grafts?
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with bone stocN deficiencies that need to be reconstructed.
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technique in acetabular revision hip surgery used by many centers from all over 
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results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
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competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
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patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
(specially for a revision technique with a proven long term followup, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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that, by replenishing the bone stock, even re-revisions are possible with acceptable 
long term results using bone impaction grafting and a cemented component. In 
our opinion this is the great advantage of the biological way of thinking by using 
bone impaction grafting in revision surgery, compared to other – non-biological – 
revision methods. However, we are aware of the fact the non-biological revision 
methods also can have certain advantages compared to bone impaction grafting 
revisions, like a shorter operative time and the possibility to fully bear weight with 
the revised joint directly postoperative. 
Nevertheless, we think that especially in young patients it is of great value 
to replenish the bone stock, because these patients will probably outlive even 
their revision total hip arthroplasty and therefore will need to undergo more future 
revisions. In patients at a higher age or with a weak general health condition also 
cemented revisions without bone grafting can provide acceptable results. 
In summary, every patient who needs to undergo revision surgery of one or 
more of the components needs an individual treatment strategy. When using a 
cemented revision technique, almost all cases can be treated succesfully. However, 
what remains largely unclear is the outcome of revisions with extensive bone 
stock loss on both the femoral and acetabular side. In our cohort with 208 femoral 
bone impaction grafting revision we could not detect any significant differences 
between the Endoklinik grades regarding the survival. In the literature it is 
suggested that the results of bone impaction grafting on both sides are worse when 
the bone stock defects are greater.6,15 We agree with this suggestion, and think that 
there certainly are cases in which bone impaction grafting in combination with a 
cemented component is not the best treatment option. 
We think that there are some important factors which need to be addressed  when 
performing a revision with bone impaction grafting in these patients with extensive 
bone defects. First, when performing the bone impaction grafting technique, there 
is a considerable learning curve. We recommend that before performing difficult 
revisions, experience with the procedure is gained in relatively easier revisions 
with less extensive bone stock defects. Furthermore compliance of the patient 
to the postoperative regime is essential in these extensive revisions. In our 
opinion a period of non-weight-bearing, with sometimes even some weeks of 
bed rest, is essential for the bone graft to incorporate, especially in larger 
defects.16
In conclusion, this thesis shows that satisfying mid- to long-term results can 
be achieved in revision surgery using cemented components, with and 
without the use of bone impaction grafting. We think that, even in these times of 
growing use of uncemented components in primary and revision total hip 
arthroplasty,17 cementing is an essential technique in the armamentarium of a 
present-day hip replacement surgeon.
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RECOMMENDATIONS FOR FURTHER RESEARCH
During the period that the research f r the thesis was conducted, of course 
some new questions have arisen. Future research is needed to give answers to 
these questions. By doing so hopefully the results of cemented total hip 
revisions will further improve. Some suggestions for new research subjects are:
≥ Can the long term results of femoral and acetabular revisions in patients 
with extensive bone stock loss be further improv d with the use of new 
techn ques like for example custom-made 3d printed implants or trabecular 
metal augments?
≥ What a  the clinical and radiographic results when acetabular revisions 
with the bone impaction grafting technique are combin d with acetabular 
components with other mechanical properties like for exampl  double mobility 
cups?
≥ Could additional im ging techn ques (like for example computed 
tomography) be helpful in the postopera ive evaluation of the incorp ration of 
the impacted morselized grafts?
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a cemented polished stem result in an satisfying long term survival rate in femora 
with bone stock deficiencies that need to be reconstructed.
Next to the use in femoral revisions, bone impaction grafting also is a valuable 
technique in acetabular revision hip surgery used by many centers from all over 
the world,3-6 at over 30 years after its introduction.7 In Chapter 8 we present the 
results of 62 consecutive acetabular revisions using bone impaction grafting and 
a cemented polyethylene cup in 58 patients after a mean follow-up of 27 years 
(range 25-30). All patients were prospectively followed. The mean age at revision 
was 59 years (range 23-82). We performed Kaplan-Meier (KM) analysis and also a 
competing risk (CR) analysis because in this series the presence of a large number 
of competing events (i.e. death) prevents the occurrence of endpoint re-revision. 
48 patients (52 hips) had died or had been re-revised at final review. None of the 
deaths were related to the surgery. The mean Harris Hip Score of the 10 surviving 
patients was 76 (range 45-99). The KM survivorship at 27 years for endpoint re-
revision for any reason was 58% (95% CI 38-73) and for re-revision for aseptic 
loosening 72% (95% CI 51-85). With the CR analysis we calculated that due 
to the high number of competing events after this long term follow-up, the KM 
analysis overestimates the failure rate with respectively 74% and 92% for these 
endpoints. The conclusion of this study is that acetabular bone impaction grafting 
revisions provide acceptable clinical results at over 25 years. We also showed 
that especially after such a long term follow-up, the KM analysis overestimates 
the probability of revision surgery severely due to ignoring competing risks. 
Especially for a revision technique with a proven long term follow-up, patients 
should have fair information on their chance of having future revisions. CR 
analysis is very suitable for this purpose.
2. Assess whether due to replenishing the bone stock loss, even successive
acetabular reconstructions using bone impaction grafting and a cemented
cup are possible.
Chapter 8 showed that for revision of failed cups of total hip arthroplasties bone 
impaction grafting with a cemented cup is a suitable technique, with acceptable 
results at over 25 years. Claims have been made that bone impaction grafting is 
a biological reconstruction technique, restoring the bone and facilitating future 
revisions. However, there are no scientific data proving this claim. Therefore, in 
Chapter 9 the first clinical study that describes the outcome of acetabular re-
revisions with impacted morsellised cancellous bone grafting and a cemented 
acetabular component after a previous acetabular revision with bone impaction 
grafting is presented. In this study the outcome of 11 consecutive re-revisions in 
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Chapter 13
SUMMARY IN DUTCH / NEDERLANDSE SAMENVATTING
Dit proefschrift beschrijft de middellange tot lange termijn resultaten van 
verschillende behandelmodaliteiten binnen de gecementeerde femorale en 
acetabulaire revisiechirurgie, met een speciale focus op het gebruik van de bone 
impaction grafting techniek. We hebben zeven onderzoeksdoelen vastgesteld die 
in dit hoofdstuk zullen worden samengevat en bediscussieerd.
1. Het beschrijven van de klinische en radiologische resultaten van patiënten 
die een femorale of acetabulaire heuprevisie hebben ondergaan met de
bone impaction grafting techniek, om zo de lange termijn survival van
deze biologische reconstructie methode te evalueren.
Hoofdstuk 2 beschreef de resultaten van de eerste 33 opeenvolgende femorale 
bone impaction grafting revisies die werden uitgevoerd in het Radboudumc, 
tussen maart 1991 en februari 1996. Al deze revisies werden uitgevoerd met 
het X-change femorale heuprevisie systeem, gemalen spongieuze donor 
botsnippers en een gecementeerde gepolijste Exeter steel. Deze studie was een 
update van een eerdere publicatie, waarin we nu de lange termijn resultaten na 15 
tot 20 jaar follow-up presenteerden. Gedurende de follow-up werd 1 steel gere-
reviseerd vanwege mechanische redenen tijdens een cup re-revisie. De 
survival na 17 jaar follow-up met als eindpunt ‘femorale re-revisie om welke 
reden dan ook’ was 96% (95% betrouwbaarheidsinterval (BI) 72-99) en met ‘re-
revisie voor aseptische loslating’ als eindpunt 100% (95% BI 69-100). Er 
ontstonden 3 vroege femorale fracturen na deze chirurgie, die allen met 
plaatfixatie konden worden behandeld.
Als een vervolg op deze eerste studie hebben we de onderzoekspopulatie 
uitgebreid met alle daaropvolgende femorale bone impaction grafting revisies 
uitgevoerd tot en met december 2007. De resultaten van deze grotere patiëntengroep 
van 208 femorale revisies werden beschreven in hoofdstuk 3. Ook bij deze 
patiënten werden het X-change femorale revisie systeem, gemalen spongieuze 
donor botsnippers en een gecementeerde gepolijste Exeter steel gebruikt. Alle 
patiënten werden prospectief gevolgd. Er was 1 patiënt lost to follow-up na 6 jaar, 
de data van deze patiënt werden geïncludeerd tot aan dit punt. Na een gemiddelde 
follow-up van 11 jaar (range 5–21) was een femorale re-operatie uitgevoerd in 
33 heupen (16%). Bij 13 van deze re-operaties werd het femorale component 
gere-reviseerd (6%). Kaplan-Meier survival met ‘femorale re-revisie om welke 
reden dan ook’ was 95% (95% BI 90-97) na 10 jaar follow-up, met ‘femorale 
re-revisie voor aseptische loslating’ als eindpunt 99% (95% BI 96-100), met 
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‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89) 
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele 
radiologisch gefaalde stelen.
De conclusie van de twee studies, gepresenteerd in hoofdstukken 2 en 
3, was dat femorale heuprevisies uitgevoerd met bone impaction grafting 
en een gecementeerde gepolijste steel resulteerden in een acceptabele lange 
termijn survival in femora met botdefecten die gedurende de revisiechirurgie 
gereconstrueerd moeten worden.
Naast het gebruik in femorale revisies, is bone impaction grafting ook een 
waardevolle techniek in acetabulaire revisie heupchirurgie die, meer dan 30 jaar 
na de introductie ervan, door vele centra over de gehele wereld wordt gebruikt. In 
hoofdstuk 8 presenteerden we de resultaten van 62 opeenvolgende acetabulaire 
revisies met bone impaction grafting en een gecementeerde polyethyleen cup in 
58 patiënten na een gemiddelde follow-up van 27 jaar (range 25-30). Al deze 
patiënten werden prospectief gevolgd. De gemiddelde leeftijd ten tijde van de 
revisie was 59 jaar (range 23-82). We voerden een Kaplan-Meier analyse uit 
en tevens een competing risk analyse, aangezien in deze serie een groot aantal 
competing events aanwezig waren (de overleden patiënten gedurende de lange 
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op 
het moment van de laatste review waren 48 patiënten (52 heupen) overleden of 
hadden een re-revisie gehad. Geen van deze overlijdens was gerelateerd aan de 
chirurgie. De gemiddelde Harris hip score van de 10 overlevende en niet gere-
reviseerde patiënten was 76 (range 45-99). De 27 jaars survival voor het eindpunt 
‘re-revisie om welke reden dan ook’ was 58% (95% BI 38-73). Met de competing 
risk analyse berekenden we dat, door het hoge aantal competing events gedurende 
de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd 
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting 
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar 
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de 
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat 
competing events niet worden meegenomen in de analyse. Vooral voor een 
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat 
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies. 
Competing risk analyse is zeer geschikt voor dit doeleinde.
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2. Vaststellen of door het aanvullen van de botvoorraad met acetabulaire 
bone impaction grafting, ook opeenvolgende reconstructies in één en 
dezelfde patiënt mogelijk zijn met de combinatie van bone impaction 
grafting en een gecementeerde cup.
Hoofdstuk 8 liet zien dat voor de revisie van gefaalde cups van totale heupprothesen 
bone impaction grafting met een gecementeerde cup een geschikte techniek is, 
met acceptabele resultaten na meer dan 25 jaar follow-up. Er zijn claims gemaakt 
dat bone impaction grafting een biologische reconstructie techniek is, waarmee 
de botvoorraad kan worden aangevuld en waarmee zo ook toekomstige revisies 
gefaciliteerd kunnen worden. Er is echter geen wetenschappelijke data die deze 
claims onderbouwt.
Daarom beschreven we in hoofdstuk 9 de eerste klinische studie die de 
uitkomsten presenteert van acetabulaire re-revisies met geïmpacteerde spongieuze 
botsnippers en een gecementeerd acetabulair component, uitgevoerd na een 
eerdere acetabulaire revisie met bone impaction grafting. In deze studie werden 
de uitkomsten geanalyseerd van 11 opeenvolgende re-revisies uitgevoerd in 10 
patiënten met opnieuw acetabulaire bone impaction grafting en een gecementeerde 
cup. Deze 11 heupen waren allemaal gefaalde acetabulaire revisies uit het cohort 
van 62 acetabulaire revisies met bone impaction grafting met een follow-up van 
25 tot 30 jaar zoals beschreven in hoofdstuk 8. De gemiddelde follow-up na de 
re-revisies was 10 jaar (range 5-15) en 28 jaar (range 26-30) na de primaire bone 
impaction grafting revisie. Kaplan-Meier survival met ‘re-re-revisie om welke 
reden dan ook’ als eindpunt was 91% op 10 jaar (95% BI 51-99). Wanneer 
we één vroege re-re-revisie voor malpositie van de cup 3 weken postoperatief 
excludeerden, was de survival voor eindpunt ‘aseptische loslating’ 10 jaar 
postoperatief 100% (95% BI 37-100).
Deze studie liet zien dat, door het aanvullen van de botvoorraad, opeenvolgende 
acetabulaire revisies mogelijk waren met het gebruik van geïmpacteerde spongieuze 
donor botsnippers en een gecementeerde cup met acceptabele klinische resultaten 
en lage re-re-revisie percentages. De uitkomsten van de acetabulaire re-revisies 
zijn zelfs vergelijkbaar met de uitkomsten van de acetabulaire revisies uitgevoerd 
met de zelfde techniek, zoals beschreven in hoofdstuk 8.
3. Pre- en postoperatieve risicofactoren vaststellen voor het eindpunt re-
revisie voor elke reden na femorale bone impaction grafting revisies met 
behulp van een Cox regressie analyse.
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Ondanks technische ontwikkelingen, zoals het gebruik van speciaal ontwikkelde 
geïnstrumenteerde femorale revisie systemen en langere stelen om zwakke 
corticale plekken in het bot te overbruggen, falen toch nog steeds femorale revisie 
reconstructies met bone impaction grafting. Daarom was het doel in hoofdstuk 
4 om voorspellende factoren te bepalen voor het eindpunt ‘re-revisie om welke 
reden dan ook’ na femorale revisies met bone impaction grafting.
We gebruikten prospectief verzamelde data van alle patiënten die een femorale 
revisie met bone impaction hadden ondergaan van 1991 tot 2007. De klinische en 
radiologische uitkomsten van deze groep werden alreeds uitgebreid beschreven 
in hoofdstuk 3. 208 opeenvolgende femorale revisies werden allen uitgevoerd 
met bone impaction grafting en een gecementeerde steel. De gemiddelde follow-
up was 11 (range 5-21) jaar. 1 patiënt was lost to follow-up na 6 jaar (0.5%). 
Univariabele en multivariabele Cox regressie analyses werden uitgevoerd om zo 
potentiële factoren geassocieerd met femorale re-revisie te identificeren.
De cumulatieve incidentie van femorale re-revisie voor elke reden was 6.3% 
(13/208). Na univariabele selectie werden geslacht, leeftijd, body mass index 
(BMI), American Association of Anesthesiologists (ASA) classificatie, het type 
verwijderde femorale component, en het feit of er gebruik was gemaakt van 
meshes voor de reconstructie geïncludeerd in de multivariabele regressie analyse.
In deze multivariabele analyse was BMI de enige factor die significant 
geassocieerd met het risico op re-revisie (BMI ≥30 vs BMI <30, HR = 6.54 (95% 
CI 1.89 – 22.65); p=0.003). 
Naast BMI kunnen echter ook de andere niet significant geassocieerde factoren, 
zoals de Endoklinik score en het type verwijderde femorale component, richting 
geven in het proces van het maken van preoperatieve keuzes.
Met deze kennis kunnen de preoperatieve patiëntselectie, informed consent 
en behandelprotocollen beter worden aangepast aan de individuele patiënt die een 
femorale revisie met bone impaction grafting moet ondergaan.
4. Het rapporteren van de incidentie van postoperatieve periprosthetische
fracturen en de survival van lange gecementeerde stelen bij revisies van
femora met ernstige defecten.
In hoofdstuk 5 werd de incidentie van postoperatieve periprosthetische fracturen 
en de survival van gecementeerde gepolijste lange Exeter componenten met een 
minimumlengte van 205mm bij revisies van femora met uitgebreide botdefecten 
gepresenteerd.
De studie populatie betrof 37 opeenvolgende patiënten en de gemiddelde follow-
up was 9 jaar (range 5-16). Er waren 26 patiënten (70%) die een preoperatieve 
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‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89) 
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele 
radiologisch gefaalde stelen.
De conclusie van de twee studies, gepresenteerd in hoofdstukken 2 en 
3, was dat femorale heuprevisies uitgevoerd met bone impaction grafting 
en een gecementeerde gepolijste steel resulteerden in een acceptabele lange 
termijn survival in femora met botdefecten die gedurende de revisiechirurgie 
gereconstrueerd moeten worden.
Naast het gebruik in femorale revisies, is bone impaction grafting ook een 
waardevolle techniek in acetabulaire revisie heupchirurgie die, meer dan 30 jaar 
na de introductie ervan, door vele centra over de gehele wereld wordt gebruikt. In 
hoofdstuk 8 presenteerden we de resultaten van 62 opeenvolgende acetabulaire 
revisies met bone impaction grafting en een gecementeerde polyethyleen cup in 
58 patiënten na een gemiddelde follow-up van 27 jaar (range 25-30). Al deze 
patiënten werden prospectief gevolgd. De gemiddelde leeftijd ten tijde van de 
revisie was 59 jaar (range 23-82). We voerden een Kaplan-Meier analyse uit 
en tevens een competing risk analyse, aangezien in deze serie een groot aantal 
competing events aanwezig waren (de overleden patiënten gedurende de lange 
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op 
het moment van de laatste review waren 48 patiënten (52 heupen) overleden of 
hadden een re-revisie gehad. Geen van deze overlijdens was gerelateerd aan de 
chirurgie. De gemiddelde Harris hip score van de 10 overlevende en niet gere-
reviseerde patiënten was 76 (range 45-99). De 27 jaars survival voor het eindpunt 
‘re-revisie om welke reden dan ook’ was 58% (95% BI 38-73). Met de competing 
risk analyse berekenden we dat, door het hoge aantal competing events gedurende 
de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd 
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting 
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar 
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de 
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat 
competing events niet worden meegenomen in de analyse. Vooral voor een 
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat 
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies. 
Competing risk analyse is zeer geschikt voor dit doeleinde.
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Ondanks technische ontwikkeling n, zoals het gebru k van speciaal ontwikkelde 
g ïnstrumenteerde femorale revisie systemen en langere stelen om zwakke 
corticale plekken in h t bot te overbruggen, falen toch nog steeds femorale revisie 
reconstructies met bo e impaction grafting. Daarom was het d el in hoofdstuk 
4 om voorspell nde factoren t  bepalen voor het eindpunt ‘re-revisie om welke 
reden dan ook’ na f morale revisies met bone impaction grafting.
We gebruikten prospectief verzamelde data van all  patiënten die een femorale 
revisie me  bone i paction ha den ondergaan van 1991 tot 2007. De klinische en 
radiologisc  uitkomste  van dez  groep werden alreeds uitgebreid beschrev n 
in hoofdstuk 3. 208 opeenvolgende femorale revisies werden all n uitgevoerd 
met bone impaction grafting en e n gecementeerde st el. De gemiddeld  follow-
up was 11 (rang  5-21) jaar. 1 patiënt w s lost to follow-up na 6 jaar (0.5%). 
Univariabel  en multivariabele Cox regressie analyses w n uitgevoerd om zo 
potentiële factoren geassoc eerd met femorale re-revisie te identificeren.
De cumulatieve incidenti  van femorale re-revisi  voor lke reden was 6.3% 
(13/208). Na univariabele selectie werden geslacht, leeftijd, body m ss index 
(BMI), Am rican Association of Anesthesiolog sts (ASA) classificatie, het type 
verwijderde femorale component, en het f it of er gebruik was gemaakt van 
meshes voor d  recons uctie geïnclud er  in de mult variabele r gressie analyse.
In dez  multivariabele analyse was BMI de enige factor die significant 
ge ssocie rd met het risico op re-r visie (BMI ≥30 vs BMI <30, HR = 6.54 (95% 
CI 1.89 – 22.65); p=0.003). 
Naast BMI ku nen echter ook de andere niet significant geassociee d  factoren, 
zoals de Endoklinik score en het type verwijderde femorale component, richting 
geven in het proces van het maken van preoperatieve keuzes.
Met deze kennis kunnen de preoperatieve patiëntselectie, informed co sent 
en behandelprotocollen beter worden aangepast aan d individuele patiënt die een 
femorale revisie met bon  impaction grafting moet ondergaa .
4. Het rapporteren van de i cidentie van postoperatieve peripr sthetische
fr ctur n en de survival van lang  gec menteerd  stelen bij revisies van
femora met ernstige defecten.
In hoofdstuk 5 werd de incidenti  van postoper tieve periprosthetische fracturen 
en de survival van gecement de gepolijste lange Ex ter componenten met een 
minimumlengte van 205mm bij revisies van femora met uitgebreide botdefecten 
gepresenteerd.
De studie populatie betrof 37 opeenvolgende patiënten en de gemiddelde follow-
up was 9 jaar (range 5-16). Er waren 26 patiënten (70%) die een preoperatieve 
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Endo-Klinik score van 3 of 4 hadden. Bone impaction grafting werd toegepast bij 
24 patiënten (65%). Ten tijde van de laatste review waren nog 22 patiënten (59%) 
in leven. 14 patiënten overleden gedurende de follow-up, 3 hiervan kort na de 
operatie; alle data van deze 14 patiënten werd geïncludeerd tot aan het overlijden.
Na 4 jaar en 5 maanden faalde 1 reconstructie vanwege recidiverende 
luxaties: het implantaat werd verwijderd en de heup werd geconverteerd naar een 
Girdlestone situatie. Intraoperatieve fracturen en fissuren traden op bij 9 patiënten 
(24%), geen van deze fracturen ontstond echter gedurende de impactiefase van 
het bottransplantaat. Postoperatieve periprosthetische fracturen traden op bij 2 
patiënten (5%); beiden werden behandeld met plaatfixatie. De survival voor het 
eindpunt ‘re-revisie om welke reden dan ook’ was 96% (95% BI 76-100), voor 
‘re-revisie voor aseptische loslating’ 100% (95% BI 74-100) en voor ‘re-operatie 
om welke reden dan ook’ 81% (95% BI 56-92) na 9 jaar follow-up.
Concluderend liet hoofdstuk 5 zien dat de survival van lange gecementeerde 
gepolijste femorale implantaten acceptabel was in deze populatie van fragiele 
patiënten met uitgebreide femorale botdefecten. Een revisie met een steel van 
normale lengte zou in dit studiecohort, waarin de meerderheid van de patiënten 
een insufficiënte preoperatieve botvoorraad had, waarschijnlijk geleid hebben tot 
een hoger aantal postoperatieve fracturen.
5. De klinische en radiologische resultaten beschrijven van femorale revisies 
waarbij alleen cement zonder bottransplantaat is gebruikt, uitgevoerd 
in patiënten met minimaal femoraal botverlies, en femorale cement-
in-cement revisies, uitgevoerd in patiënten met een intacte femorale 
cementmantel in situ.
Er is zeer weinig gepubliceerd over de uitkomsten van femorale gecementeerde 
revisies uitgevoerd met een derde generatie cementeringstechniek. Daarom was 
het doel in hoofdstuk 6 om de klinische uitkomsten, survival, complicaties en 
radiologische uitkomsten te analyseren van alle 92 opeenvolgende gecementeerde 
femorale revisies die binnen onze afdeling werden uitgevoerd met een derde 
generatie cementeringstechniek in de periode januari 1996 tot december 2007. De 
gemiddelde leeftijd van alle patiënten ten tijde van de revisie was 66 (range 25-
92) jaar. Geen patiënten waren lost to follow-up. Ten tijde van de laatste review in 
december 2015 waren nog 55 patiënten (60%) in leven en hadden geen re-revisie 
gehad van hun femorale component na een gemiddelde follow-up van 11 jaar 
(range 5-17). De gemiddelde preoperatieve Harris hip score was 50 en verbeterde 
naar 73 ten tijde van de laatste follow-up. Er overleden 2 patiënten kort na de 
revisiechirurgie. Er werd 1 steel gere-reviseerd voor aseptische loslating; dit was 
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ook de enige steel met radiolucente lijnen in alle 7 Gruen zones. Een femorale 
re-operatie werd uitgevoerd in 19 heupen gedurende de follow-up, en in 14 van 
deze 19 re-operaties werd het femorale component gere-reviseerd. De 10 jaars 
postoperatieve survival voor eindpunt ‘femorale re-revisie om welke reden dan 
ook’ was 86% (95% BI 77-92). Wanneer we echter 8 patiënten excludeerden uit 
de survival analyse die een re-infectie hadden na een septische index revisie en 1 
patiënt met een hematogeen verspreide infectie was de aangepaste survival voor 
eindpunt ‘re-revisie om welke reden dan ook’ 10 jaar postoperatief 92% (95% 
BI 83-96). Met ‘re-revisie voor aseptische loslating’ als eindpunt was de 10 jaars 
survival 92% (95% BI 83-96).
De conclusie van hoofdstuk 6 was dat femorale revisies met een derde generatie 
cementeringstechniek resulteerden in acceptabele survival na een middellange 
follow-up. We bevelen deze techniek aan voor femorale revisies met minimaal 
botverlies.
Wanneer de aanwezige cementmantel goed aan het bot gefixeerd is, en er 
bijvoorbeeld een offset probleem moet worden behandeld gedurende de revisie, 
zijn femorale cement-in-cement revisies een aantrekkelijke behandeloptie. De 
meeste beschikbare stelen zijn echter te lang om te worden gerecementeerd in een 
bestaande cementmantel. In hoofdstuk 7 evalueerden we de middellange termijn 
follow-up van de 125 mm korte getaperde en gepolijste Exeter short revision stem 
(SRS) met een 44 mm offset die speciaal ontworpen is om deze cement-in-cement 
revisies te faciliteren. De Exeter SRS werd klinisch en radiologisch geëvalueerd 
in 24 opeenvolgende femorale cement-in-cement revisies (11 mannen, 13 
vrouwen) tussen juli 2005 en februari 2008 na een gemiddelde follow-up van 6 
jaar (range 5-7). Geen van de heupen was lost to follow-up, maar 2 patiënten (met 
2 heupen) overleden. Geen van deze doden was gerelateerd aan de chirurgie. Er 
werden 4 femorale componenten (17%) verwijderd vanwege septische loslating 
na gemiddeld 2.4 jaar (range 1-5). Van deze 4 heupen werden er 3 opnieuw 
gereviseerd in een revisie in 2 tempi, en 1 werd geconverteerd naar een Girdlestone 
situatie. De survival voor eindpunt ‘re-revisie om welke reden dan ook’ was 82% 
(95% BI 58-93) en de survival voor eindpunt ‘re-revisie voor aseptische loslating’ 
was 100% na 6 jaar. Er waren geen extra radiologisch gefaalde stelen.
De conclusie van hoofdstuk 7 was dat de Exeter Short Revision Stem een 
waardevolle optie is voor het versimpelen van cement-in-cement revisies. 
Ondanks de korte lengte van de steel waren er na middellange follow-up geen 
teken van instabiliteit of aseptische loslating.
Processed on: 6-10-2016
505678-L-sub01-bw-TeStroet
193
Summary in Dutch / Nederlandse samenvatting
13
‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89) 
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele 
radiologisch gefaalde stelen.
De conclusie van de twee studies, gepresenteerd in hoofdstukken 2 en 
3, was dat femorale heuprevisies uitgevoerd met bone impaction grafting 
en een gecementeerde gepolijste steel resulteerden in een acceptabele lange 
termijn survival in femora met botdefecten die gedurende de revisiechirurgie 
gereconstrueerd moeten worden.
Naast het gebruik in femorale revisies, is bone impaction grafting ook een 
waardevolle techniek in acetabulaire revisie heupchirurgie die, meer dan 30 jaar 
na de introductie ervan, door vele centra over de gehele wereld wordt gebruikt. In 
hoofdstuk 8 presenteerden we de resultaten van 62 opeenvolgende acetabulaire 
revisies met bone impaction grafting en een gecementeerde polyethyleen cup in 
58 patiënten na een gemiddelde follow-up van 27 jaar (range 25-30). Al deze 
patiënten werden prospectief gevolgd. De gemiddelde leeftijd ten tijde van de 
revisie was 59 jaar (range 23-82). We voerden een Kaplan-Meier analyse uit 
en tevens een competing risk analyse, aangezien in deze serie een groot aantal 
competing events aanwezig waren (de overleden patiënten gedurende de lange 
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op 
het moment van de laatste review waren 48 patiënten (52 heupen) overleden of 
hadden een re-revisie gehad. Geen van deze overlijdens was gerelateerd aan de 
chirurgie. De gemiddelde Harris hip score van de 10 overlevende en niet gere-
reviseerde patiënten was 76 (range 45-99). De 27 jaars survival voor het eindpunt 
‘re-revisie om welke reden dan ook’ was 58% (95% BI 38-73). Met de competing 
risk analyse berekenden we dat, door het hoge aantal competing events gedurende 
de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd 
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting 
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar 
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de 
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat 
competing events niet worden meegenomen in de analyse. Vooral voor een 
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat 
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies. 
Competing risk analyse is zeer geschikt voor dit doeleinde.
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Endo-Klinik score van 3 of 4 hadden. Bone impaction grafting werd toegepast bij 
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normale lengte zou in dit studiecohort, waarin de meerderheid van de patiënten 
een insufficiënte preoperatieve botvoorraad had, waarschijnlijk geleid hebben tot 
een hoger aantal postoperatieve fracturen.
5. De klinische en radiologische resultaten beschrijven van femorale revisies 
waarbij alleen cement zonder bottransplantaat is gebruikt, uitgevoerd 
in patiënten met minimaal femoraal botverlies, en femorale cement-
in-cement revisies, uitgevoerd in patiënten met een intacte femorale 
cementmantel in situ.
Er is zeer weinig gepubliceerd over de uitkomsten van femorale gecementeerde 
revisies uitgevoerd met een derde generatie cementeringstechniek. Daarom was 
het doel in hoofdstuk 6 om de klinische uitkomsten, survival, complicaties en 
radiologische uitkomsten te analyseren van alle 92 opeenvolgende gecementeerde 
femorale revisies die binnen onze afdeling werden uitgevoerd met een derde 
generatie cementeringstechniek in de periode januari 1996 tot december 2007. De 
gemiddelde leeftijd van alle patiënten ten tijde van de revisie was 66 (range 25-
92) jaar. Geen patiënten waren lost to follow-up. Ten tijde van de laatste review in 
december 2015 waren nog 55 patiënten (60%) in leven en hadden geen re-revisie 
gehad van hun femorale component na een gemiddelde follow-up van 11 jaar 
(range 5-17). De gemiddelde preoperatieve Harris hip score was 50 en verbeterde 
naar 73 ten tijde van de laatste follow-up. Er overleden 2 patiënten kort na de 
revisiechirurgie. Er werd 1 steel gere-reviseerd voor aseptische loslating; dit was 
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ook de enig  ste l m t radiolucente lijne in alle 7 Gruen zones. Een femorale 
re-operatie werd uitgevoerd in 19 heupen gedurende de follow-up, in 14 van 
deze 19 re-operaties werd het femorale component gere-reviseerd. De 10 jaars 
postop ratieve urvival voor eindpunt ‘femoral  re-r visie om welke reden dan 
ook’ as 86% (95% BI 77-92). Wanneer we echter 8 patië ten excludeerden uit 
d  survival analyse die en re-infectie hadd n na en septische index revisie en 1 
patiënt met een hematogeen verspreide infectie was de aa g paste survival voor 
eindpunt ‘re-r visie om welke reden dan ook’ 10 jaar postoperatief 92% (95% 
BI 83-96). Met ‘re-revisie voor aseptische loslating’ als eindpu t w s de 10 jaars 
survival 92% (95% BI 83-96).
De conclusie van hoof stuk 6 was dat femo al revisi s met een derde genera ie 
cementeringstechniek resulteerden in acceptabele survival na een middellange 
follow-up. We bevelen deze techniek aan voor fe oral  evisies met mi imaal 
botverlies.
Wa neer de aanwezige c mentmantel goed aan het bot gefix erd is, en er 
bijvoorbeeld een offset probleem moet word n behandeld gedurende de revisie, 
zij femoral  cement-in-cement revi ies een aantrekk lijke b handeloptie. De 
meeste beschikbare stelen jn echter te lang om t  worde  gerecemente r  in een 
bestaande cem ntmantel. In hoofdstuk 7 evalue rden we de middellange termijn 
follow-up van de 125 mm ko te g taperd  en gepolijs  Exeter short revision stem 
(SRS) met een 44 mm offset ie sp cia l ontworpen is om deze cem nt-in-cement 
revisies t  facilit ren. De Exete  SRS werd klinisch en radiologisch geëvalueerd 
in 24 op envolgende femorale cement-in-cement revisies (11 manne , 13 
vrouwen) tussen juli 2005 en februari 2008 na een gemiddelde follow-up van 6 
jaar (ra ge 5-7). Ge  van d  heupen was lost to follow-up, maar 2 patiënt n (met 
2 heupen) overleden. Geen van deze doden was gerel teerd aan de chirurgie. E  
werden 4 femorale componenten (17%) verwijderd vanwege s ptische loslating 
na gemiddeld 2.4 j ar (range 1-5). Van deze 4 heupen werden er 3 opnieuw 
gereviseerd in e n revisie in 2 t mpi, en 1 werd g converte rd ar een Girdlestone 
sit at e. De survival voor eindpunt ‘re-revisie om welke reden dan ook’ was 82% 
(95% BI 58-93) en de survival voor eindpunt ‘re- evisie voor aseptische loslating’ 
was 100% na 6 jaar. Er waren geen extra radiologisch gefaalde stelen.
De conclusie van hoofdstuk 7 w s da  de Exeter Short Revision Stem een 
waardevolle optie is voor het versimpelen van cem nt-in-cem n  revisies. 
Ondanks de korte lengt  van de steel waren er na middellange follow-up geen 
teken van instabiliteit of aseptische loslating.
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6. Beschrijven van de klinische en radiologische resultaten van 
gecementeerde revisies van zowel het femorale als het acetabulaire 
component gecombineerd met bone impaction grafting in patiënten 
jonger dan 55 jaar.
Het toenemende aantal geplaatste totale heupen bij jongere patiënten zal er 
onvermijdelijk voor zorgen dat er grotere aantallen revisieprocedures moeten 
worden uitgevoerd in deze sSeci¿eNe groeS jonge Satisnten. Er is echter helaas 
nog geen geschikte revisiemethode voor deze patiënten beschreven met een 
acceptabele follow-up van meer dan 10 jaar. Daarom was het doel van hoofdstuk 
10 om de klinische en radiologische uitkomsten van totale gecementeerde revisies 
van zowel het acetabulaire als het femorale component met aan beide zijden bone 
impaction grafting te beschrijven in 34 patiënten jonger dan 55 jaar (gemiddelde 
leeftijd ten tijde van de operatie 46 jaar), geopereerd tussen 1991 en 2007.
Geen Satisnt was lost to Iollow-uS maar  Satisnten overleden gedurende de 
Iollow-uS. Geen van deze doden was gerelateerd aan de chirurgie en data van deze 
patiënten werd geïncludeerd tot aan het overlijden. De gemiddelde follow-up was 
12 jaar (range 5-21). In 6 heupen was een re-revisie van één of beide componenten 
noodzaNelijN (8%) in  Satisnten werden beide comSonenten gere-reviseerd en 
in twee heupen alleen het acetabulaire component. De 10 jaars survival met als 
eindpunt ‘re-revisie om welke reden dan ook van één of beide componenten’ was 
87% (95% BI 67-95), met als eindpunt ‘re-revisie voor aseptische loslating van 
één of beide componenten’ 97% (95% BI 80-100), en met ‘re-operatie om welke 
reden dan ook’ 78% (95% BI 95-89).
De conclusie van hoofdstuk 10 was dat de survival van totale heuprevisies 
uitgevoerd met zowel acetabulaire als femorale bone impaction grafting 
resulteerden in acceptabele resultaten na 10 jaar follow-up. Bone impaction 
grafting is een aantrekkelijke reconstructietechniek waarmee de botvoorraad 
kan worden aangevuld bij jonge patiënten, die nog een lange levensverwachting 
hebben en waarschijnlijk gedurende hun leven nog meerdere revisies moeten 
ondergaan.
7. Het evalueren van de survival en peri- en postoperatieve complicaties bij 
heuprevisies in patiënten die 80 jaar of ouder zijn ten tijde van de revisie.
Wanneer een totale heupprothese faalt en de patiënt is 80 jaar of ouder, is het 
een moeilijke beslissing of het veilig is om nog revisiechirurgie te verrichten 
aangezien het complicatiepercentage in deze leeftijdsgroep dat in de literatuur 
wordt beschreven hoog is. Daarom presenteerden we in hoofdstuk 11 de survival 
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en peri- en postoperatieve complicaties van gecementeerde heuprevisies bij 
patiënten die ten tijde van de revisie 80 jaar of ouder waren.
Klinische data, röntgenfoto’s en complicaties van alle 49 opeenvolgende 
gecementeerde revisies van het acetabulaire en/of femorale component in 48 
patiënten tussen april 1997 en december 2007 werden prospectief verzameld. De 
gemiddelde leeftijd van de patiënten ten tijde van de operatie was 84 jaar (range 
80-92). Er werd Kaplan-Meier analyse uitgevoerd. 32 patiënten overleden of 
ondergingen een re-revisie gedurende de follow-up, hun data werd geïncludeerd 
tot de laatste follow-up. Ten tijde van de laatste review was de gemiddelde follow-
up van de 16 nog levende patiënten met de heuprevisie in situ 8 jaar (range 6-13). 
In 6 heupen werd een re-operatie uitgevoerd (12%), en in 3 van deze re-operaties 
werd één van de componenten gere-reviseerd (6%). De 8 jaars survival was 92% 
(95% BI 76-97) voor het eindpunt ‘re-revisie om welke reden dan ook’ en 96% 
(95% BI 77-100) voor het eindpunt ‘re-revisie voor aseptische loslating’. De 
gemiddelde Harris hip score verbeterde van 49 preoperatief naar 74 ten tijde van 
de laatste review. De mortaliteit binnen 3 maanden na de revisiechirurgie was 6%. 
Er waren geen intraoperatieve doden. In 2 heupen (4%) ontstond een femorale 
fractuur gedurende de revisiechirurgie en in 1 (2%) een postoperatieve fractuur. 
Een heupluxatie trad op bij 6 patiënten (12%).
De conclusie van hoofdstuk 11 was dat heuprevisiechirurgie in patiënten van 
80 jaar of ouder ten tijde van de operatie resulteerde in acceptabele resultaten 
met goede survivaluitkomsten en complicatiepercentages. Desalniettemin kan 
revisiechirurgie in deze patiëntencategorie erg complex zijn en daarom verdient 
iedere patiënt een individueel behandelplan.
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‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89) 
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele 
radiologisch gefaalde stelen.
De conclusie van de twee studies, gepresenteerd in hoofdstukken 2 en 
3, was dat femorale heuprevisies uitgevoerd met bone impaction grafting 
en een gecementeerde gepolijste steel resulteerden in een acceptabele lange 
termijn survival in femora met botdefecten die gedurende de revisiechirurgie 
gereconstrueerd moeten worden.
Naast het gebruik in femorale revisies, is bone impaction grafting ook een 
waardevolle techniek in acetabulaire revisie heupchirurgie die, meer dan 30 jaar 
na de introductie ervan, door vele centra over de gehele wereld wordt gebruikt. In 
hoofdstuk 8 presenteerden we de resultaten van 62 opeenvolgende acetabulaire 
revisies met bone impaction grafting en een gecementeerde polyethyleen cup in 
58 patiënten na een gemiddelde follow-up van 27 jaar (range 25-30). Al deze 
patiënten werden prospectief gevolgd. De gemiddelde leeftijd ten tijde van de 
revisie was 59 jaar (range 23-82). We voerden een Kaplan-Meier analyse uit 
en tevens een competing risk analyse, aangezien in deze serie een groot aantal 
competing events aanwezig waren (de overleden patiënten gedurende de lange 
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op 
het moment van de laatste review waren 48 patiënten (52 heupen) overleden of 
hadden een re-revisie gehad. Geen van deze overlijdens was gerelateerd aan de 
chirurgie. De gemiddelde Harris hip score van de 10 overlevende en niet gere-
reviseerde patiënten was 76 (range 45-99). De 27 jaars survival voor het eindpunt 
‘re-revisie om welke reden dan ook’ was 58% (95% BI 38-73). Met de competing 
risk analyse berekenden we dat, door het hoge aantal competing events gedurende 
de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd 
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting 
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar 
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de 
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat 
competing events niet worden meegenomen in de analyse. Vooral voor een 
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat 
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies. 
Competing risk analyse is zeer geschikt voor dit doeleinde.
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6. Beschrijven van de klinische en radiologische resultaten van 
gecementeerde revisies van zowel het femorale als het acetabulaire 
component gecombineerd met bone impaction grafting in patiënten 
jonger dan 55 jaar.
Het toenemende aantal geplaatste totale heupen bij jongere patiënten zal er 
onvermijdelijk voor zorgen dat er grotere aantallen revisieprocedures moeten 
worden uitgevoerd in de]e speFi¿eNe groep jonge patiënten. Er is eFhter helaas 
nog geen geschikte revisiemethode voor deze patiënten beschreven met een 
acceptabele follow-up van meer dan 10 jaar. Daarom was het doel van hoofdstuk 
10 om de klinische en radiologische uitkomsten van totale gecementeerde revisies 
van zowel het acetabulaire als het femorale component met aan beide zijden bone 
impaction grafting te beschrijven in 34 patiënten jonger dan 55 jaar (gemiddelde 
leeftijd ten tijde van de operatie 46 jaar), geopereerd tussen 1991 en 2007.
*een patiënt was lost to follow-up maar 3 patiënten overleden gedurende de 
follow-up. *een van de]e doden was gerelateerd aan de Fhirurgie en data van de]e 
patiënten werd geïncludeerd tot aan het overlijden. De gemiddelde follow-up was 
12 jaar (range 5-21). In 6 heupen was een re-revisie van één of beide componenten 
nood]aNelijN (18%) in 4 patiënten werden beide Fomponenten gere-reviseerd en 
in twee heupen alleen het acetabulaire component. De 10 jaars survival met als 
eindpunt ‘re-revisie om welke reden dan ook van één of beide componenten’ was 
87% (95% BI 67-95), met als eindpunt ‘re-revisie voor aseptische loslating van 
één of beide componenten’ 97% (95% BI 80-100), en met ‘re-operatie om welke 
reden dan ook’ 78% (95% BI 95-89).
De conclusie van hoofdstuk 10 was dat de survival van totale heuprevisies 
uitgevoerd met zowel acetabulaire als femorale bone impaction grafting 
resulteerden in acceptabele resultaten na 10 jaar follow-up. Bone impaction 
grafting is een aantrekkelijke reconstructietechniek waarmee de botvoorraad 
kan worden aangevuld bij jonge patiënten, die nog een lange levensverwachting 
hebben en waarschijnlijk gedurende hun leven nog meerdere revisies moeten 
ondergaan.
7. Het evalueren van de survival en peri- en postoperatieve complicaties bij 
heuprevisies in patiënten die 80 jaar of ouder zijn ten tijde van de revisie.
Wanneer een totale heupprothese faalt en de patiënt is 80 jaar of ouder, is het 
een moeilijke beslissing of het veilig is om nog revisiechirurgie te verrichten 
aangezien het complicatiepercentage in deze leeftijdsgroep dat in de literatuur 
wordt beschreven hoog is. Daarom presenteerden we in hoofdstuk 11 de survival 
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en peri- n p stoperatieve complicaties van gec menteerde heuprevisies bij 
patiënten die ten tijde van de revisie 80 jaar of ouder waren.
Klinische dat , röntgenfoto’s en complicaties van alle 49 opeenvolgende 
gecem nteerde r visies van h t acetabulair  en/of f morale component in 48 
patiënten tussen april 1997 en december 2007 werden prosp ct ef verzameld. De 
g middeld  l eftijd van de patiën n ten tijde van de operati  w s 84 jaar (range 
80-92). Er werd Kaplan-Meier analys  ui gevo rd. 32 patiënt n overleden of 
ondergi gen n re-r visie ge urende de follow-up, hun data werd geïncludeerd 
tot de laatste follow-up. Ten tijde van de laatste review was de gemiddelde f llow-
up v n de 16 nog levende patiënten met de h uprevisie in situ 8 jaar (range 6-13). 
In 6 h upen werd een re-operati  uitgevoerd (12%), en in 3 van deze re-operaties 
werd één van de componenten ger - viseerd (6%). De 8 jaars survival was 92% 
(95% BI 76-97) voor het eindpunt ‘re-revisie om welke re n dan ook’ en 96% 
(95% BI 77-100) voor het ein punt ‘re-revisie voor septische loslating’. De 
gem ddelde Harris hip core verbeterde van 49 preoperatief naar 74 ten tijde van 
de laatste review. De mortaliteit binnen 3 maan  na de revisiechirurgie was 6%. 
Er waren g  intraoperatieve doden. In 2 h upen (4%) ontstond een femorale 
fractuur gedurende de revisiechirurgie n in 1 (2%) een postoperatieve fractuur. 
Een heupluxatie trad op bij 6 p tiënten (12%).
De conclusie van hoofdstuk 11 was dat heuprevisiechirurgie in patiënten van 
80 jaar of ouder ten tijd  van d  operatie result erde in acceptabele result ten 
met goede survivaluitkomsten en complicatiepercentages. Desalniettemin kan 
revisiechirurgie i  deze patiënte categorie erg complex zijn en daarom verdient 
ied re pat ënt een indivi ueel behandelplan.
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AlGehele DISCUSSIe
Dit proefschrift laat zien dat goede middellange tot lange termijn resultaten 
bereikt kunnen worden in zowel femorale als acetabulaire revisiechirurgie met 
verschillende gecementeerde behandelmodaliteiten. De survival was in alle studies 
acceptabel met een gemiddelde survival van boven de 90% voor het eindpunt 
‘re-revisie om welke reden dan ook’ bij een gemiddelde follow-up van 10 jaar. 
Ook verbeterden de klinische scores in alle studies gedurende de follow-up en 
waren de radiologische uitkomsten van de reconstructies goed. Over het algemeen 
werd incorporatie van de grafts gezien aan zowel acetabulaire als femorale zijde, 
wanneer deze werden gebruikt. Het beoordelen van deze graft op conventionele 
röntgenfoto’s blijft echter moeilijk. Niettemin werden in geen van de studies 
zorgelijke radiologische kenmerken vastgesteld, zoals bijvoorbeeld uitgebreide 
vroege loslating van de comSonenten osteol\se oI stress shielding. Er was sSraNe 
van meer femorale subsidence in de revisies uitgevoerd met bone impaction 
grafting ten opzichte van de revisies uitgevoerd met alleen cement (2.8 mm versus 
1.5 mm), maar dit leek geen effect te hebben op de klinische uitkomsten. De 10 
jaars survival voor het eindpunt ‘re-revisie voor aseptische loslating’ was 99% 
voor zowel de femorale bone impaction grafting revisies als de femorale revisies 
met alleen cement.
Uit de Cox regressie analyse van de femorale bone impaction grafting revisies 
bleeN dat obese Satisnten een signi¿cant hoger risico hadden oS een re-revisie 
voor elke reden vergeleken met niet obese patiënten. Dit kan mogelijk worden 
verklaard door het feit dat een hoger BMI resulteert in chronisch verhoogde 
biomechanische belasting van de reconstructie. Lübbeke en Pulos lieten ook zien 
dat obese Satisnten die een totale heuSrevisie hadden ondergaan een signi¿cant 
hoger risico hadden op een postoperatieve infectie, wat de hoofdreden voor re-
revisie was in onze studiepopulatie. We zijn van mening dat het belangrijk is de 
patiënt te informeren over dit hogere risico in de preoperatieve fase, en het valt 
zelfs te overwegen eerst het overgewicht te behandelen voordat de heuprevisie 
wordt uitgevoerd.
De studies in dit proefschrift laten zien dat er verscheidene behandelopties 
mogelijk zijn wanneer een gecementeerde heuprevisietechniek wordt gebruikt, 
voor zowel de acetabulaire als de femorale zijde. Wanneer er sprake is van een 
intacte cementmantel en er een revisie moet worden uitgevoerd voor bijvoorbeeld 
een stabiliteitsprobleem (zoals het veranderen van de femorale offset of anteversie) 
kan een cement-in-cement revisie een aantrekkelijke behandeloptie zijn. Wanneer 
er tekenen zijn van radiologische en intraoperatieve loslating van de bestaande 
cement mantel, of wanneer een ongecementeerd component wordt verwijderd 
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en er is gelimiteerd botverlies, resulteert een revisie met alleen cement zonder 
aanvullend bottransplantaat in aFFeptabele resultaten. En wanneer een revisie 
moet worden uitgevoerd met aanzienlijk botverlies dan is bone impaction grafting 
in het overgrote deel van de gevallen een geschikte techniek met uitstekende lange 
termijn resultaten voor zowel de femorale als de acetabulaire zijde. 
We hebben laten zien dat, door het aanvullen van de botvoorraad, het zelfs 
mogelijk is opeenvolgende re-revisies in één en dezelfde patiënt uit te voeren met 
acceptabele lange termijn resultaten met gebruik van een bone impaction grafting 
en een gecementeerd component. In onze opinie is deze biologische manier van 
denken, gebruik makend van bone impaction grafting in heuprevisiechirurgie, 
het grote voordeel vergeleken met andere – niet-biologische – revisiemethoden. 
Ondanks dat kunnen niet biologische revisiemethoden echter ook zeker voordelen 
bieden ten opzichte van bone impaction grafting, zoals de kortere operatieduur 
en de mogelijkheid om direct postoperatief het gereviseerde gewricht volledig te 
belasten.
Desalniettemin zijn wij van mening dat het vooral in jonge patiënten essentieel 
is om het botverlies aan te vullen gedurende de revisiechirurgie aangezien deze 
patiënten waarschijnlijk hun heuprevisie zullen overleven en daardoor nog 
meerdere revisies in de toekomst zullen moeten ondergaan. Bij patiënten op 
hogere leeftijd of met een zwakke algehele gezondheid kunnen gecementeerde 
heuprevisies zonder het gebruik van bottransplantaten echter ook resulteren in 
acceptabele resultaten.
Samenvattend behoeft iedere patiënt die heuprevisiechirurgie moet ondergaan 
van één of meerdere componenten een individuele behandelstrategie. Wanneer 
hierbij een gecementeerde revisietechniek wordt gebruikt, kunnen vrijwel alle 
patiënten succesvol worden behandeld.
Het blijft echter nog grotendeels onduidelijk wat de uitkomst is van revisies 
met zeer uitgebreid botverlies aan zowel de femorale als acetabulaire zijde. In 
ons cohort met 208 femorale bone impaction grafting revisies konden we geen 
signi¿Fante versFhillen aantonen tussen de versFhillende Endo-KliniN Nlassen wat 
betreft survival. In de literatuur wordt echter gesuggereerd dat de resultaten van 
bone impaction grafting aan zowel femorale als acetabulaire zijde slechter zijn 
wanneer er sprake is van zeer uitgebreid botverlies. Dit lijkt een aannemelijke 
suggestie en we denken dan ook zeker dat er patiënten zijn waarbij de combinatie 
van bone impaction grafting met een gecementeerd component niet de optimale 
behandeloptie is.
Daarnaast denken we dat er een aantal belangrijke factoren zijn waar rekening 
mee gehouden moet worden wanneer een revisie met bone impaction grafting 
wordt overwogen bij deze patiënten met zeer uitgebreide botdefecten. Ten eerste 
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‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89) 
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele 
radiologisch gefaalde stelen.
De conclusie van de twee studies, gepresenteerd in hoofdstukken 2 en 
3, was dat femorale heuprevisies uitgevoerd met bone impaction grafting 
en een gecementeerde gepolijste steel resulteerden in een acceptabele lange 
termijn survival in femora met botdefecten die gedurende de revisiechirurgie 
gereconstrueerd moeten worden.
Naast het gebruik in femorale revisies, is bone impaction grafting ook een 
waardevolle techniek in acetabulaire revisie heupchirurgie die, meer dan 30 jaar 
na de introductie ervan, door vele centra over de gehele wereld wordt gebruikt. In 
hoofdstuk 8 presenteerden we de resultaten van 62 opeenvolgende acetabulaire 
revisies met bone impaction grafting en een gecementeerde polyethyleen cup in 
58 patiënten na een gemiddelde follow-up van 27 jaar (range 25-30). Al deze 
patiënten werden prospectief gevolgd. De gemiddelde leeftijd ten tijde van de 
revisie was 59 jaar (range 23-82). We voerden een Kaplan-Meier analyse uit 
en tevens een competing risk analyse, aangezien in deze serie een groot aantal 
competing events aanwezig waren (de overleden patiënten gedurende de lange 
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op 
het moment van de laatste review waren 48 patiënten (52 heupen) overleden of 
hadden een re-revisie gehad. Geen van deze overlijdens was gerelateerd aan de 
chirurgie. De gemiddelde Harris hip score van de 10 overlevende en niet gere-
reviseerde patiënten was 76 (range 45-99). De 27 jaars survival voor het eindpunt 
‘re-revisie om welke reden dan ook’ was 58% (95% BI 38-73). Met de competing 
risk analyse berekenden we dat, door het hoge aantal competing events gedurende 
de lange follow-up periode, met de Kaplan-Meier analyse de kans op falen werd 
overschat met respectievelijk 74% en 92% voor deze eindpunten.
De conclusie van deze studie was dat acetabulaire bone impaction grafting 
revisies resulteerden in acceptabele klinische resultaten na meer dan 25 jaar 
survival. We lieten tevens zien dat vooral na een dergelijk lange follow-up, de 
Kaplan-Meier methode de kans op revisiechirurgie ernstig overschat doordat 
competing events niet worden meegenomen in de analyse. Vooral voor een 
revisietechniek met een bewezen lange termijn follow-up is het belangrijk dat 
patiënten juiste informatie krijgen over hun kans op toekomstige extra revisies. 
Competing risk analyse is zeer geschikt voor dit doeleinde.
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Dit proefschrift laat zien dat goede middellange tot lange termijn resultaten 
bereikt kunnen worden in zowel femorale als acetabulaire revisiechirurgie met 
verschillende gecementeerde behandelmodaliteiten. De survival was in alle studies 
acceptabel met een gemiddelde survival van boven de 90% voor het eindpunt 
‘re-revisie om welke reden dan ook’ bij een gemiddelde follow-up van 10 jaar. 
Ook verbeterden de klinische scores in alle studies gedurende de follow-up en 
waren de radiologische uitkomsten van de reconstructies goed. Over het algemeen 
werd incorporatie van de grafts gezien aan zowel acetabulaire als femorale zijde, 
wanneer deze werden gebruikt. Het beoordelen van deze graft op conventionele 
röntgenfoto’s blijft echter moeilijk. Niettemin werden in geen van de studies 
zorgelijke radiologische kenmerken vastgesteld, zoals bijvoorbeeld uitgebreide 
vroege loslating van de Fomponenten osteolyse of stress shielding. Er was spraNe 
van meer femorale subsidence in de revisies uitgevoerd met bone impaction 
grafting ten opzichte van de revisies uitgevoerd met alleen cement (2.8 mm versus 
1.5 mm), maar dit leek geen effect te hebben op de klinische uitkomsten. De 10 
jaars survival voor het eindpunt ‘re-revisie voor aseptische loslating’ was 99% 
voor zowel de femorale bone impaction grafting revisies als de femorale revisies 
met alleen cement.
Uit de Cox regressie analyse van de femorale bone impaction grafting revisies 
bleeN dat obese patiënten een signi¿Fant hoger risiFo hadden op een re-revisie 
voor elke reden vergeleken met niet obese patiënten. Dit kan mogelijk worden 
verklaard door het feit dat een hoger BMI resulteert in chronisch verhoogde 
biomechanische belasting van de reconstructie. Lübbeke en Pulos lieten ook zien 
dat obese patiënten die een totale heuprevisie hadden ondergaan een signi¿Fant 
hoger risico hadden op een postoperatieve infectie, wat de hoofdreden voor re-
revisie was in onze studiepopulatie. We zijn van mening dat het belangrijk is de 
patiënt te informeren over dit hogere risico in de preoperatieve fase, en het valt 
zelfs te overwegen eerst het overgewicht te behandelen voordat de heuprevisie 
wordt uitgevoerd.
De studies in dit proefschrift laten zien dat er verscheidene behandelopties 
mogelijk zijn wanneer een gecementeerde heuprevisietechniek wordt gebruikt, 
voor zowel de acetabulaire als de femorale zijde. Wanneer er sprake is van een 
intacte cementmantel en er een revisie moet worden uitgevoerd voor bijvoorbeeld 
een stabiliteitsprobleem (zoals het veranderen van de femorale offset of anteversie) 
kan een cement-in-cement revisie een aantrekkelijke behandeloptie zijn. Wanneer 
er tekenen zijn van radiologische en intraoperatieve loslating van de bestaande 
cement mantel, of wanneer een ongecementeerd component wordt verwijderd 
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en r is g limite d botverli s, resulteert een revisie met alleen cement zonder 
aa vullend bottranspl taat in acceptabele resultaten n wanne r een revisie 
moet w rden uitgevoerd m t aanzienlijk botverlies dan is bone impaction grafting 
in het overgrote d el van gevallen een geschikte techniek met uitstekende lang  
termijn resultat n voor zowel de femorale als de acetabulaire zijde. 
We hebben laten zien dat, door het aanvul en va  de botvoorraad, het zelfs 
mogelijk is opeenvolgende re-revisies in één en ezelf e patiënt uit te vo ren met 
acceptabele lange termij  resultaten met gebruik van een bone impaction grafting 
en een gecementeerd component. In onze opinie is deze biol gische manier van 
denken, gebruik makend van one impact on grafting in heuprevisiechirurgie, 
het grote voorde l vergeleken met andere – niet-biologische – revisiemethoden. 
Ondanks dat kunnen ni t biologische revisiemethoden echt r ook zek r voorde en 
bi den ten opzichte van bone impaction grafting, zoals de korter  operatieduur 
en de mogelijkheid om direct postoperatief het gerevisee de gewricht volledig te 
belasten.
Desalniettemin zijn wij van mening dat het vooral i jonge patiënt n essentieel 
is om h t botverlies aan te vullen gedurende de revisiechirurg aa gezien deze 
patiënt n waarschijnlijk hun heuprevisie zullen overlev  en daardoor no  
meerdere revisies in de toekomst zullen moet n ond rgaan. Bij patiënten op 
hogere leeftijd of met een zwakke algehele gezondheid kunnen gecemente rde 
heuprevisi s zonder het gebruik van bottransplantaten echter ook resulteren in 
a ceptabele resultaten.
Samenvattend b hoeft iede e patiënt die heuprevisiechi urgie m et ondergaan 
van één of meerdere componenten een individuele behandelstrat gie. Wanneer 
hierbij een gecemente rde revisietechniek wordt gebruikt, kunnen vrijwel alle 
patiënten succesvol wo den behan ld.
Het blijft chter nog grotendeels onduidelijk wat d  uitkomst is van revisies 
met zeer uitgebr id botverlies aan zowel de f morale als acetabulaire zijde. I  
ons cohort met 208 femor le bone impact on grafting r visies konden we geen 
signific nte v rschillen aa ton  tussen de verschillende Endo-Klinik k assen wat 
betreft survival. In de literatuur wordt echter gesug ere d dat de resultaten van 
bone impaction grafting aan zowel f morale als acetabul ire zijde slechter zijn 
wanne r er sprake is va  z er uitgebreid botverlies. Dit lijkt een aannemelijke 
suggesti  en we denken dan ook z ker dat er patiënten zijn waarbij d  combinati  
van bone impactio  graft ng met en gecementeerd component niet de optimale 
behandeloptie is.
Daarnaast denken we dat er een aantal belangrijke factoren zijn waar rekening 
mee gehouden moet worden wanneer een revisie met bone impaction grafting 
wordt overwogen bij deze patiënten met zeer uitgebreide botdefecten. Ten eerste 
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heeft de bone impaction grafting techniek een aanzienlijke leercurve. We raden 
aan eerst ervaring met de procedure te verkrijgen door het uitvoeren van relatief 
makkelijke revisies met minder botverlies voordat wordt begonnen aan revisies 
met zeer uitgebreid botverlies. Daarnaast is het erg belangrijk dat de patiënt 
zich kan houden aan het postoperatieve behandelplan bij deze revisies met zeer 
uitgebreid botverlies. Naar onze mening is een periode waarin het gewricht in zijn 
geheel niet wordt belast, soms zelfs met een aantal weken bedrust, essentieel voor 
de incorporatie van het bottransplantaat, speciaal bij deze grote defecten.
Concluderend laat dit proefschrift zien dat goede middellange tot lange 
termijn resultaten kunnen worden bereikt in revisiechirurgie met het gebruik van 
gecementeerde componenten, met of zonder de toevoeging van bone impaction 
grafting. We zijn van mening dat, zelfs in deze tijden van het groeiend gebruik 
van ongecementeerde componenten in primaire en revisie heupchirurgie, 
het cementeren een essentiële techniek is die niet mag ontbreken binnen het 
behandelpalet van de hedendaagse heupchirurg.
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‘femorale re-operatie om welke reden dan ook’ als eindpunt 85% (95% BI 78-89) 
en met subsidence van ≥ 5 mm 87% (95% BI 80-92). Er waren geen additionele 
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competing events aanwezig waren (de overleden patiënten gedurende de lange 
follow-up) die het optreden van het eindpunt re-revisie onmogelijk maakten. Op 
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Hoewel het mijn naam is die op de voorkant van dit proefschrift prijkt, zijn 
er veel mensen betrokken geweest bij de totstandkoming ervan. Het moge 
duidelijk zijn dat ik dit proefschrift niet zonder de inzet van anderen heb kunnen 
voltooien. *raag wil iN iedereen hiervoor hartelijN bedanNen
EnNele van de]e mensen ]ou iN hier in het bij]onder willen benoemen
Co-promotor dr. B.W. Schreurs, beste Wim, jij stond aan het begin van 
mijn carrière binnen orthopedisch onderzoeksland. Vanaf het moment dat 
ik als tweedejaars broekie begon bij het Klinisch Scorestation zijn we gestart 
met een aantal kleine onderzoekjes. Dat dit tot een heus proefschrift zou leiden 
had ik aan het begin nooit durven dromen. Jij bent de afgelopen jaren een 
luisterend oor voor mij geweest, zowel voor werk- als privézaken. Jouw open 
houding, nuchterheid en aanstekelijke enthousiasme gemengd met de nodige 
humor zijn voor mij een voorbeeld.
Co-promotor dr. W.H.C. Rijnen, beste Wim, hartelijk dank voor al je hulp bij 
het verwezenlijken van dit proefschrift. Ook bij jou kon ik altijd binnenlopen 
voor vragen. Jouw heldere commentaren op de manuscripten hebben deze 
zeker naar een hoger niveau getild.
Promotor prof. dr. Van Kampen, beste Albert, bedankt dat je mijn 
promotor wilde zijn. Mede dankzij jouw snelle feedback en adviezen heb ik de 
vaart in dit promotieonderzoek kunnen houden. 
Leden van de manuscriptcommissie, prof. dr. J.A. Jansen, prof. dr. W.B. van 
den Berg en prof. dr. I.C. Heyligers, hartelijk dank voor de nauwkeurige 
beoordeling en goedkeuring van mijn proefschrift.
'r. +anninN beste *erjon samen hebben we de &ox regressie analyse 
voor hoofdstuk 4 op poten gezet. Ook voor andere statistische problematiek 
kon ik altijd laagdrempelig bij je terecht. Ik heb onze samenwerking als 
zeer prettig ervaren.
Dr. Hendriks, beste Jan, jouw scherpzinnige vragen over de gebruikte 
statistische analyses zetten mij aan het denken en hebben gemaakt dat ik nog 
kritischer ging kijken naar de correctheid ervan. 
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Dr. Keurentjes, beste Christiaan, zonder jou was het niet mogelijk geweest de 
competing risk analyses voor hoofdstukken 8 en 11 uit te voeren. Grotendeels 
door deze analyse hebben we voor hoofdstuk 8 de tweede prijs voor de ‘free paper 
award’ gewonnen op de EFORT in Praag in 2015. 
Drs. S.G. Moret-Wever & dr. D.C.J. de Kam, beste Sander en Daniël, jullie hebben 
veel voorwerk gedaan voor de femorale cement-in-cement revisie studie. Ik ben 
blij dat we er een publicatie van hebben kunnen maken.
Mijn collega orthopedie onderzoekers, Borg, Eelco, Jaap, Jos en Marloes. In 
wisselende samenstelling hebben wij de afgelopen jaren als onderzoekers ‘de 
heup-unit’ bemand. Naast dat we elkaar, waar mogelijk, hebben geholpen met 
elkaars onderzoeken, waren de bezoekjes aan de Aesculaaf en het darten om 
onze inspiratie weer te hervinden altijd zeer geslaagd. Ook het door ons 
georganiseerde tafelvoetbaltoernooi rond het WK voetbal in 2014 was hilarisch.
Eelco, Sushma en Thomas, als studenten geneeskunde heb ik jullie mogen 
begeleiden tijdens jullie onderzoek binnen de afdeling orthopedie. Het was voor 
mij bevredigend te zien wat voor mooie voortgang we samen bereikten. Het was 
natuurlijk helemaal geweldig dat we allemaal samen hebben kunnen publiceren. 
Alle patiënten die in ruim 30 jaar hebben meegeholpen aan het onderzoek binnen 
de heuplijn van het Radboudumc. Jullie zijn natuurlijk de basis waar alles 
mee begint, en in essentie ook degenen waar alles om draait.
Polimedewerkers Radboudumc en medewerkers Klinisch Scorestation. Het 
vergaren van alle data voor dit onderzoek door de decennia heen is een 
ongelofelijk karwei geweest. Zonder jullie was dit nooit mogelijk geweest. 
Stafleden Orthopedie Radboudumc. Bedankt voor alle ondersteuning die ik van 
jullie heb mogen ontvangen tijdens het uitvoeren van dit promotieonderzoek.
Artsen van het maatschap Chirurgie / Orthopedie Rijnstate. Bedankt voor de leuke en 
leerzame jaren die ik tot nu toe bij jullie achter de rug heb, eerst als ANIOS orthopedie, 
daarna tijdens mijn vooropleiding bij de heelkunde, en nu als AIOS orthopedie.
Pepijn, onze trip naar de AAOS in Las Vegas zal ik niet snel vergeten. 
Indrukwekkende stad en indrukwekkend groot congres. Het cruisen door de 
woestijn in de Mustang cabriolet had ik voor geen goud willen missen.
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ongelofelijk arwei gewe st. Zonder jullie was dit no it mogelijk gewe st. 
Stafleden Orthopedie Radboudumc. Bedankt vo r alle ondersteuning die ik van 
jullie heb mogen ontvangen tijdens het uitvoeren van dit promotieonderzoek.
Artsen van het ma tschap Chirurgie / Orthopedie Rijnstate. Bedankt vo r de leuke n 
le rzame jaren die ik tot nu toe bij ullie achter de rug heb, e rst als ANIOS orthopedie, 
da rna tijdens mijn vo ropleiding bij de he lkunde, en nu als AIOS orthopedie.
Pepijn, onze trip na r de A OS in Las Vegas zal ik niet snel vergeten. 
Indrukwek ende stad en indrukwek end gro t congres. Het cruisen do r de 
woestijn in de Mustang cabriolet had ik vo r ge n goud willen missen.
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Davey, dat we beiden bezig zijn met promotieonderzoek binnen de heupchirurgie 
heeft ons een aantal mooie tripjes opgeleverd. In Londen en Stockholm hebben we 
beide mooie Sresentaties gegeven en hiernaast ooN ÀinN genoten van de steden. 
Mannen van co-groep 112, Hilko, Jan, Kevin, Ruben en Wouter. Samen hebben 
we onze coschaSSen oSgeleuNt met menig ¿lm- en eetavondje. 0ooi dat we elNaar 
nog regelmatig treffen nu iedereen zijn eigen weg binnen de geneeskunde heeft 
gekozen.
TUD-ers, Jadran, Koen, Lennart, Maarten en Niek. Met wat wij allemaal hebben 
meegemaakt in ruim 15 jaar kun je een boek vullen dat het formaat van dit proefschrift 
overtreft. Ik ben blij dat onze vriendschap er na al die jaren nog steeds is. 
Chema, Jens, Sander en Sean, al in het eerste jaar van onze Nijmeegse geneeskunde 
tijd zijn wij op de achterste rij van de collegezaal uitgegroeid tot een hechte 
vriendengroep. Naast het educatieve gehalte van de colleges had het samenkomen 
daar ook altijd een hoog sociaal gehalte. Voor mij was dat minstens zo belangrijk. 
Naast onze opleiding tot arts zijn we allemaal ook vroeg begonnen met onderzoek, 
de één maakte de ander enthousiast. Mooi te zien dat we allemaal al ver gevorderd 
zijn met onze promotieonderzoeken. Ik zal de komende jaren ook maar wat graag 
jullie promoties vieren.
‘Schoonouders’ Paul en Bernadette, in wat een warm nest ben ik terecht gekomen 
bij jullie thuis. De deur staat altijd open en er is altijd gezelligheid. Het is heerlijk 
toeven oS de boerderij echt een insSirerende omgeving. 0enig ¿nishing touch 
van een artikel is bij jullie in de tuin tot stand gekomen. 
Alexander en Michelle, Rogier en Judith, en Iris. Wij zijn al zo lang een clubje dat 
jullie inmiddels een soort broers en zussen voor mij zijn geworden. Ik zou me een 
leven zonder jullie me niet meer voor kunnen stellen.
Mijn paranimfen, Joost en Thijs.
Joost, inmiddels meer dan 10 jaar geleden leerden wij elkaar kennen tijdens 
de introductie. Jij als beginnend student biomedische wetenschappen en ik als 
eerstejaars geneeskunde. Ondanks dat onze wegen op het gebied van de studie al 
vrij snel uit elkaar begonnen te lopen, hebben wij het toch klaargespeeld elkaar 
gedurende al die jaren praktisch elke twee weken te zien en vrijwel altijd dezelfde 
overvolle ovenschaal met vette wraps weg te werken. Dat er nog maar velen 
mogen volgen
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Thijs, veel mooie serieuze en minder serieuze dingen hebben wij de afgelopen 
jaren samen meegemaaNt. *e]amenlijN onderwijs en Fongressen hebben we 
afgewisseld met zo nu en dan een meer dan vermakelijk feestje. Maar de echte 
hoogtepunten waren natuurlijk de gezamenlijke gammanails. Ik hoop dat we 
samen nog vele mooie jaren in de orthopedie mogen hebben.
Saskia, lief zusje, en natuurlijk Mark en kleine Max. Wat een mooi gezin zijn 
jullie sinds Nort. En wat ]ijn wij door alle dramatieN het afgelopen jaar naar elNaar 
toe gegroeid. Samen met pa zijn wij echt een sterk vijftal en inmiddels met de 
toevoeging van Max een zestal. Ik weet zeker dat mama stuk voor stuk enorm 
trots op ons is als ze van boven op ons neerkijkt.
Lieve mama, helaas mag jij het heugelijke feit van mijn promotie niet meer 
meemaken. Je was altijd geïnteresseerd in de voortgang van het proefschrift en ik 
weet zeker dat je het schitterend zult hebben gevonden nu het is afgerond. In mijn 
hart ben jij er bij vandaag.
Lieve papa, gelukkig heb jij me wel bij kunnen staan gedurende mijn gehele 
promotietraject. Samen met mama heb jij mij vanaf jongs af aan gestimuleerd 
te doen wat ik leuk vind en daar volledig voor te gaan. Wat een steun zijn jullie 
al die jaren samen, en jij het laatste jaar helaas alleen, voor mij geweest. Jouw 
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gebeurd.
Tot slot, lieve lieve Lenny, wij leerden elkaar kennen toen ik net een paar maanden 
was begonnen met mijn studie geneeskunde. Jij bent mijn steun en toeverlaat en 
kent mij beter dan wie dan ook. Vanaf het begin heb jij mij bijgestaan in mijn 
stappen binnen de orthopedie. Maar veel belangrijker dan dat, wat een heerlijke 
tijd hebben wij al die jaren samen gehad. We hebben heel wat afgereisd, gefeest 
en vooral veel gelachen. Ik hoop dat dat voor altijd zo mag blijven.
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Martijn Te Stroet werd geboren op 17 april 1987 in 
Doetinchem. In 2012 behaalde hij zijn artsexamen 
en startte daaropvolgend met promotieonderzoek 
dat werd voortgezet uit zijn wetenschappelijke 
stage. Na dit 8 maanden te hebben opgestart 
heeft hij driekwart jaar gewerkt als arts-assistent 
orthopedie niet in opleiding. Nadat hij was 
aangenomen voor de opleiding tot orthopedisch 
chirurg heeft hij in de volgende anderhalf jaar zijn 
promotieonderzoek grotendeels afgerond alvorens 
te beginnen aan de vooropleiding chirurgie. Per juli 
2016 is hij gestart met het orthopedie gedeelte van 
zijn opleiding.
Clinical and radiographic outcome of cemented 
revision total hip arthroplasty
Dit proefschrift beschrijft de middellange tot 
lange termijn resultaten van verschillende 
behandelmodaliteiten binnen de gecementeerde 
femorale en acetabulaire revisiechirurgie, met 
een speciale focus op het gebruik van de bone 
impaction grafting techniek. We zijn van mening 
dat, zelfs in deze tijden van het groeiend gebruik 
van ongecementeerde componenten in primaire 
en revisie heupchirurgie, het cementeren een 
essentiële techniek is die niet mag ontbreken 
binnen het behandelpalet van de hedendaagse 
heupchirurg.
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